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cluding a mono-functional, electron beam-curable or- 
ganic compound capable of being converted to a 
homopolymer having a glass transition temperature 



(Tg) of 20°C or more, and a di(meth)acrylate is usefui 
for producing a composite sheet material having a resin 
coating layer formed from the resin composition and 
having an excellent softness, a high resistance to crack- 
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Description 

BACKGROUND OF THE INVENTION 

$ 1 Field of the Invention 

The present invention relates to an electron beam-curable resin composition and an electron beam-cured resin 
film and a composite sheet material produced from the resin composition More particularly, the present invention 
relates to an electron beam-curable resin composition capable of being converted to an electron beam-cured resin 
10 having a high softness; an electron beam-cured resin film produced from the resin composition and having a high 
softness and a composite sheet material comprising an electron beam-cured resin coating layer produced from the 
resin composition and having high softness, flexibility, stretchabifity and pliability and a high gloss 

The high softness flexibility, stretchabiiity and pliability will be represented by a term "a high softness" hereinafter 

15 2 Description of the Related Art 

It is known that a high gloss coated sheet, typically a cast coated paper sheet, can be produced by a process in 
which a paper sheet substrate is coated with a coating layer comprising, as principal components, a pigment and a 
binder the coating layer is, while it contains water and is in plastic condition, brought into contact with a mirror-finished 
20 surface at a high temperature under pressure and is dry-finished, and the resultant composite sheet having the dried 
high gloss coating layer is separated from the mirror-finished surface However, the above-mentioned conventional 
coated sheel is unsatisfactory in the gloss thereof and thus a new type of coated sheet having a further increased 
gloss has been demanded 

To solve the above-mentioned problem, it has been attempted to produce a sheet material having a high gloss by 
25 a laminate-coating method in which a surface of a substrate sheet is coated with a melted resin in the form of a film, 
the melted resin coating layer is brought into a peripheral surface of a metallic cylindrical rotor under pressure to cool- 
solidify the melted resin layer, and the cooled resin layer is separated from the metallic, cylindrical rotor, to produce a 
composite sheet material having a high gloss coating layer; or by an electron beam-Irradiation cast method in which 
a surface of a substrate sheet is coated with a coating liquid composition comprising, as a principal component^ an 
so electron beam-curable organic unsaturated compound, which will be referred to as an electron beam-curable resin 
composition hereinafter, the resultant coated electron beam-curable resin composition layer is brought into contact 
with a casting surface, or a peripheral surface of a metallic, cylindrical rotor under pressure, and is cured by applying 
an electron beam irradiation thereto, and then the resultant composite sheet material having an electron beam-cured 
resin coating layer is separated from the casting surface or the peripheral surface of the metallic, cylindrical rotor. 
35 The conventional composite sheet material produced by the electron beam irradiation-cast method as mentioned 

above, which sheet will be referred to as an EB sheet, is advantageous in that the electron beam-cured resin layer 
surface has a high gloss but is disadvantageous in that the electron beam-cured resin layer per se exhibits a poor 
softness and thus the composite sheet material exhibits as a whole, a poor softness, and thus when the electron 
beam-cured resin layer is bent, cracks or splits are formed in the bent resin layer This is a big disadvantage of the 
40 conventional EB sheet . 

As disclosed in Japanese Unexamined Patent Publications No. 60-178447 and No 61 -236547, it has been at- 
tempted to enhance the softness of the electron beam-cured resin film by using an electron beam-curable resin com- 
position containing a specific oligomer, polymer or monomer However, since the relationship between the physical 
properties of the resin film and the softness of the high gloss EB sheet has not been fully made clear, the result of the 
4$ attempt was unsatisfactory in the enhancement of gloss Recently, Japanese Unexamined Patent Publications No 
61-27,075, No .62-109,046, No 62-109,047, No. 62-141,541, No. 62-141,542, No 62-141 ,543 and No 6-242,550 
have disclosed electron beam-curable resin compositions containing polybutadiene chain-containing compounds and 
usable for the production of the EB sheet Also, Japanese Unexamined Patent Publications No 60-70,446, No 
63-130,608 and No 2-175,998 disclose electron beam-curabte polyurethane-modified, unsaturated organic corn- 
so pounds having a specific molecular weight and containing specific functional groups, which are usable for the production 
of the EB sheet However, even when the above-mentioned compositions or compounds are employed, the resultant 
electron beam-cured resin coatings exhibit a poor resistance to bend-cracking and thus large cracks or splits are formed 
on the bent coatings Namely, the above-mentioned prior arts are insufficient to f uHy solve the above-mentioned prob- 
lem 

55 On other hand, methods of curing an electron beam-curable resin composition with a low dose of electron beam 

irradiation, as disclosed in Kusaki, Report of the Printing Department of the Finance Ministry, No 57, 1 - 14 (1995) and 
Kawamura et at, the draft of the 41-st Polymer Forum, 41 (10), 4316 - 4318 (1992), and methods in which electron 
beam-curable resin compositions comprising, as a principal component, electron beam-curable, unsaturated organic 
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compounds having a low cross-linking property are used, which are disclosed in W Orraby and W, K Walsh, J Appl 
Poly. Sci , (23), 3227-3242 (1979), H C. Miller, Flad Tech "90- North America, Vol 1, 201 - 210 (1 990) and Kobayashi 
Radiation and Industry, 61, 21 - 25 (1994), disclose that the softness of the cured resin film can be enhanced to a 
preferred level However, even in these methods, the enhancement in the softness of the obtained cured resin film is 
s insufficient and the balance of the enhanced softness with the other physical properties of the cured resin film is un- 
satisfactory Therefore, the above-mentioned method are still unsatisfactory for practical use in industry Further, it has 
been investigated to utilize the technology for producing printing plate materials which are required to have a relatively 
high softness and disclosed in Japanese Unexamined Patent Publications No 49-10,910, No 1-100,535, and No 
6-206,956 and Japanese Examined Patent Publication No 5 1- 43,374 or the technology for producing coating materials 
io for optical fibers, disclosed in Japanese Unexamined Patent Publications No. 63-85 031 No. 63-215,707 and No: 
3-166 21 7, to provide the EB sheet However, ii was found that even when the above-mentioned technology is uiNized, 
the enhancement in the softness of the resultant EB sheet is unsatisfactory 

Also Japanese Unexamined Patent Publications No 5-105,857 No 5-170,836 and No 7-310,067 disclose a 
technology for producing a cured resin having a very high softness and usable lor pressure -sensitive adhesives and 
is bonding agents. However, the disclosed resins are in satisfactory in that the resins cannot satisfy the enhanced softness 
together with all of other physical properties necessary (or the EB sheets 

Besides the above-mentioned pnor arts Japanese Unexamined Patent Publications No 63-85,031, No, 
63-215,707, No 1-92,239, No 1-1 00,535, No 3-296,51 3, No 4-288,314, No 5-9,899, No 7-310,067 and No 8-59,759 
disclose various types of electron beam -curable resin compositions However, these resin compositions are unsatis- 
£o factory in performance and practical applicability for the EB sheets 

As mentioned above, the prior arts do not impart satisfactory and practical means for enhancing the softness of 
the electron beam-cured resin films and the EB sheets to a desired level and for producing the EB sheet having high 
smoothness and gioss and other necessary physical properties and usable for practical use Therefore, there is a 
strong demand for the satisfactory and practical means 

25 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an electron beam-curable resin composition capable of being 
converted to an electron beam-cured resin film or coating having an excellent softness, an electron beam-cured resin 
30 film produced from the resin composition, and a composite sheet material which is produced by coating at least one 
surface of a support sheet with the above-mentioned resin composition, and applying an electron beam irradiation to 
the coated resin composition layer, to form an electron beam-cured resin coating layer on the support sheet and which 
exhibits a high gloss and a high softness such that even when bent, no cracks or splits are generated in the bent 
electron beam-cured resin coating layer 
35 The above-mentioned object can be attained by the electron beam-curable resin composition of the present in- 

vention, which comprises a first component comprising at least one mono-functional, electron beam-curable organic 
compound exhibiting, when poiymerized into a homopolymer, a glass-transition temperature of 20*C or more, and a 
second component comprising at least one di(meth)acryfate compound 

The electron beam-cured resin film of the present invention comprises a electron beam-cured product of the elec- 
fo tron beam-curable resin composition of the present invention as mentioned above 

Also the composite sheet material of the present invention comprises a support sheet and an electron beam-cured 
resin coating layer formed on al feast one surface of the support sheet and comprising an electron beam-cured product 
of the electron beam-curable resjn composition of the present invention as mentioned above 

Further, another type of the composite sheet material of the present invention comprises a support sheet and an 
45 electron beam-cured resin composite coating layer formed on at least one surface of the support sheet, and comprising 
a laminate of a plurality of resin layers including, at least an inside resin layer located adjacent to the support sheet and 
an outermost resin layer located outermost of the composite sheet material, at least one of the plurality of resin layers 
in the electron beam-cured resin composite coating layer comprising an electron beam-cured product of the electron 
beam-curable resin composition of the present invention as mentioned above 
so In the present invention, the term "a di(meth)acrylate n refers to "a diacryfate or a dimethacrylate" 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The inventors of the present invention have extensively studied an electron beam-curable resin composition ca- 
55 pable of forming an electron beam-cured resin film or coating having a satisfactory softness and crack resistance, and 
found that when a mono-functiona!, electron beam-curable organic compound capable of forming a homopolymer 
having a glass transition temperature (Tg) of 20°C or more is used together with a difmethjacrylate, the resultant 
electron beam-curable resin composition can be converted to an electron beam-cured resin having a satisfactory soft- 
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n ess and is useful lor producing an electron beam-cured resin film having a satisfactory softness and crack resistance 
and for forming an electron beam-cured resin coating layer having a satisfactory softness and crack resistance on a 
support sheet 

The present invention was completed on the basis of the finding 

The electron beam -curable resin composition of the present invention which can be converted to an electron beam- 
cured resin by applying an electron beam irradiation and which is useful for producing an electron beam-cured resin 
coated composite sheet material having an excellent softness, comprises a first component comprising at least one 
mono-functional, electron beam-curable organic compound which can be converted to a homopolymer having a glass- 
transition temperature (Tg) of 20° C or more, and a second component comprising at least one di(meth)acrylate com- 
pound 

The mono-functional electron beam-curable organic compound may be selected from electron beam-curable un- 
saturated organic compounds having only one ethylemcalJy unsaturated carbon-to-carbon double bond 



per molecule of the compounds 

In the electron beam-curable resin composition of the present invention, Ihe mono-functional, electron beam-cur- 
able organic compound-containing first component preferably comprises at least one member selected from the class 
consisting of; 

( 1 ) acryf oy Irnorpholine; 

(2) (meth)acrylales having a tricyclo[5 2 1 0 2 ' 6 ] decane structure and represented by the general formula {1) 



{-C-C-) 





(1) 



wherein (M)A represents a (meth)acryloyl group 

(3) cycloalkyl mono(meth)acrylates represented by the general formula (2): 




wherein R 7 represents a member selected from the class consisting of a hydrogen atom, and methyl, tert-butyf 

and cycfohexyl groups, and M(A) represents a (meth)acryloyl group; 

(4) mono-{meth}acrylates of tert-alcohols represented by the general formula (3): 
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35 



R 

R 8 — C — 0{M)A (3) 
R 10 

wherein R 8 , R 9 and R 10 respectively and independently from each other represent a member selected from the 

class consisting of meShyl and ethyJ groups and M(A) represents a (meth)acryloyl group; 

(5) (meth)acryJates having a succinimide structure and represented by the genera] formula (4): 




?* ' N (CH2)— — 0(M)A ( 4 ) 



wherein R 11 andfl 12 respectively represent a member selected from the class consisting of a hydrogen atom and 
hydrocarbon groups, which hydrocarbon groups represented by R" 11 and R 12 may be connected to each other to 
form, together with two carbon atoms located in the succinimide structure and connected to R^ 1 and R 12 , respec- 
tively, a member selected from the consisting of cydohexane and cyciohexene groups; s represents an integer of 
30 2 to 3, and (M)A represents a (meth)acryioyf group; 

(6) mono(meth)acrylates having a bis-phenoi structure and represented by the general formula (5): 




O (CH2)- — -0(M)A < 5 ) 



wherefn t represents an integer of 2 to 3, and (M)A represents a (meth)acryloyl group; 

(7) (rneth)acryJates having a cyclic dicarboxylic acid monoester structure and represented by the general formula 
(6): 



45 



SO 




wherein R 13 represents a member selected from the ciass consisting of a hydrogen atom and a methyf group, a 
cyclic structure B represents a member selected from the class consisting of cydohexane and benzene rings, and 
(M)A represents a (meth)acryloyf group; and 
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(8) N -vinyl lactam compounds represented by the formula (7): 



10 




(?) 



16 



20 



25 



35 



wherein u represents an integer of 1 or 3 Namely the formula (7) represents a vinyl 5 or 7-membered lactam 

The above-mentioned mono-functional, electron beam-curable organic compounds are preferably employed to- 
gether with the di(meth)acrylate compounds for the second component, to impart an excellent softness to an electron 
beam-cured products of the electron beam-curable resin composition 

Jn the mono-functional, electron beam-curable organic compounds capable of being converted to a homopolymer 
havrng a Tg of 20°C or more and usable for the second component, the mono(meth)acrylates having a trycyclo 
[5.2 l.Q 2 6 ] decane structure and represented by the general formula (1), include, for example, dicycbpentanyJ acryfate 
and dicyclopentanyt methacrylate; the cycloalkyl mono(meth)acrylates represented by the general formula (2), include, 
for example, cycfohexyf acrylate, 2-cyclohexylcyclohexy? (meth)acrylate, 1-methylcyclohexyI (meth)acrylate, 2 -meth- 
ylcyclohexyl (meth)acrylate, 4-methylcycfohexyi (meth)acryfate 2-tert-butylcyclbhexyl (meth)acrylale, and 4-tert-bu- 
tylcyclohexyf (meth)acrylaie 

Also, the mono(meth)acrylates of tert-alcohols represented by the general formula (3) include, for example, tert- 
butyl acry/ate, and tert-amyl (meth)acrylate the mono(meih)acry fates having a succinimide structure and represented 
by the general formula (4), include, tor example, N-acryioyloxy-I^.S^-tetrariydrophthalimide, N -aery Joy loxyhexahy- 
drophthalirnide and N-acryloyloxy-S^^.e-tetrahydrophlhalimide, and the mono(meth)acrylates havrng a bis-phenol 
structure and represented by the general formula (5), include, for example p-cumylphenoi EO-modified acryJate. 

Further, the mono{meth)acryiates having a cyclic dicarboxyfic acid monoester structure and represented by the 
general formula (6) include, for example, 2-acryloyloxyethyl hydrogen phthalate, 2-acryloyloxypropyl hydrogen phiha- 
late and 2-acryloyloxypropyl hexahydrogen phtfrafate, and the N-vinyl lactam compounds represented by the general 
■formula (7) include N-vinyl-2-pyrrolidone and N-vhyl-e-caprolactam The mono-functional, electron beam-curable or- 
ganic compounds usable for the present invention are, however, not limited to the above-illustrated class of compounds 

In the electron beam-curable resin composition of the present invention, the di(meth)acrylates usable as the second 
component are preferably selected from the class consisting of; 

(9) polyetherpolyurethane di(meth)acrylates having a poiyether structure having a molecular weight of 500 to 
10,000 and represented by the general formula (8): 



46 



O CH— (CH) — O- 

R R 



rn 



so 



wherein R 1 and R 2 respectively and. independently from each other represent a member selected from the group 
consisting of a hydrogen atom and alkyl group having 1 to 5 carbon atoms, n represents an integer of 0 or 1 to 9, 
m represents an integer satisfying the equation of 



55 



(n + 1 ) x m = 20 to 300> 

and when n represents an integer of 2 or more, the two or more R 2 groups may be the same as or different from 
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each other; 

(10} polyesterpolyurethane di(meTh)acrylates having a polyester structure having a molecular weight of 500 to 
10,000 and represented by the general formula {9): 




herein X represents a residue of a dicarboxyiic acid selected from the class consisting of straight chain, branched 
chain and cyclic aliphatic and aromatic discarboxylic acids and employed in the formation of the polyester structure, 
Y represents a residue of a diol selected from the class consisting of straight chain, branched chain and cyclic 
aliphatic and aromatic dioles and employed in the formation of the polyester structure, r represents an integer such 
that the resultant polyester structure satisfied the molecular weight of 500 to 10,000; 

(11} di(meth)acrylates having a dimeric acid structure derived from a dimer of an unsaturated higher fatty acid and 
selected from those represented by the general formulae (10) and (11): 



(CH 2 ) k — -COOH 



(10) 



FT 



-(CHjj); COOH 




i COOH 

P ■ 



(ii) 

R 6 '^^{CH2) q COOH 

wherein R 3 , R 4 , R 5 and R 6 respectively and independently from each other represent an alkyl group, k, I, p and q 
respectively and independently from each other represent an integer of 1 or more, the total of the number of the 
carbon atoms of the R 3 group, the number of the carbon atoms of the R* group, and k and i is 28, and the total of 
the number of the carbon atoms of the R 3 group, the number of the carbon atoms of the R 6 group and p and q is 
34, the di(meth)acrylate having a molecular weight of 500 to 10,000; 

(12) polyolefinpolyurethane di(meth)acrylates having a polyolefin structure having a moieculaf weight of 500 to 
10 000 and represented by the genera! formula (12); 
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-CH-(CH), 



(12) 



R 



14 



R 



15 



15 



wherein R 14 and R 15 respectively and independently from each other represent a member selected from the class 
consisting of a hydrogen atom, and methyl and ethyl groups, a represents an integer of I or 2. when a represents 
an integer of 2, the two R 1S groups may be the same as or differed from each other, b represents an integer such 
that the resultant polyolefin structure satisfies the molecular weight of 500 to 10,000; and 
(13) polyether dr(meth)acry fates having a polyether structure represented by the general formula (13): 



20 



CH— (CH)-— O- 



R 1 R 5 



(13) 



m 



2S wherein R 1 R 2 and n are as defined above, and m f represents an integer satisfying the equation 

(n + 1) X rn = 8to200, 

30 when n represents an integer of 2 or more, the two or more R 2 groups may be the same as or different from each 

other; the polyether di(meth)acrylates having a molecular weight of 1 50 to 5,000 

The dt(meth)acry!ates usable for the second component of the present invention are, however, not limjted to the 
above-illustrated compounds 

36 in the polyether structure of the general formula (8) of the polyetherpolyurethane di(meth)acrylates, n represents 

an integer of 0 or 1 to 9, preferably 1 to 4, and m represents an integer satisfying the equation: 

(n + 1) X m_ 20 to 300 

40 

preferably (n + 1) X m - 30 to 250 When the value of n is more than 9, the polyether structure of the formula (8) per 
se is difficult to be synthesized and the synthesis cost is high. When the value of (n + 1 ) X mis less than 20, the 
electron beam-curabie resin composition containing the resultant polyetherpolyurethane di(meth)acryfate may be con : 
verted to an electron beam-cured resin having a significantly tow softness. Also, when the value of (n +- 1) X mis more 

4B than 300, the resultant polyetherpolyester di(meth)acryfete may exhibit too a high viscosity and a low flowabiljiy and 
thus may be difficult to handle 

The polyether structure of the general formula (8) has a molecular weight of 500 to 10,000, preferably 600 to 5,000 
When the molecular weight of the polyether structure is less than 500, a cured product produced by irradiating an 
electron beam to a resultant polyetherpolyurethane di{meth)acry late-containing resin composition may exhibit too a 

so low softness, and thus when the cured product is bent, cracks or splits may be formed on the surface of the bent 
product When the molecular weight is more than 10,000, the resultant compound may exhibit an extremely high vis- 
cosity and a poor flowability and may be difficult to handle, and a cured product produced by irradiating an electron 
beam to the resultant polyetherpolyurethane di(meth)acry late-containing resin composition may exhibit a high tacki- 
ness due to an incomplete curing and thus may be unsuitable in practice. 

55 Among the di(meth)acrytates usable for the present invention , the polyetherpolyurelhane di(meth)acrylate having 

the polyether structure of the formula (8) can be prepared by reacting a polyetherpofyol with a polyisocyanate and a 
compound having a (meth)acryloyi group. 

Namely, the polyetherpolyurethane di(meth)acry!ate having the polyether structure of the formula (8) can be pre- 



8 



BNSDOCID: <EP. 



_QS74027A2J_> 



EP 0 874 027 A2 



pared by the conventional method as mentioned above Generally, trie polyetherpolyurethane di(meih)acrylate is pre- 
pared by reacting a polyetherpolyol with a polyisocyanate and then further reacting with a hydroxy{meth)acryfate There 
are no Nrnitations to the types of the poiyisocyanates and the hydroxy(meth)acrylates 

The polyetherpolyol usable for the synthesis of the polyetherpolyurethane di(meth)acryfete is not limited to specific 
type of compounds, as long as the polyetherpofyol can impart the polyether structure of the general formula (8) to the 
resultant di(meth)acrylate compound, and is preferably selected from polyethyleneglycof, 1 ,2-polypropyleneglycol, 

1.3- polypropylenegtycol, poiytetramethyleneglycol, 1 ,2-polybutyleneglycol, polyisobutyleneglycof and polytetrahydro- 
Juranpolyol Also, other types of polyols consisting of block and random copolymers of the above-mentioned polyether- 
polyols with other compounds can be used for the synthesis of the polyetherpofyurethane dr(meth)acrylates 

Also, the poiyisocyanates to be reacted with the above-mentioned polyelherpolyois are preferably selected Irom 

2.4- tolylenediisocyanate, 2,5-tolyfenediisocyanate, 1,3-xylylenediisocyanate, 1 4-xy)yIenediisocyanate : 1,5-naphtha- 
lenediisocyanate, p-phenylenedrisocyanaie, ^'-diphenyimethanediisocyanaie, 3, S'-dimethyJ^^'-diphenylm ethane- 
diisocyanate O'-biphenyfenediisocyanate hexamethylenediisocyanate, isophoronediisocyanate, dicyclohexylmeth- 
anediisocyanate, methyfene-bfs{4-cyclohexylisocyanate), hydrogen erated diphenylmethanediisocyanate, 2,2,4-tri- 
methylhexarnethylenedNsccyanate, bis(2-isocyanatoethyl) furnarate, 6-Esopropyl-1,3-phenyldiisocyanate, 4-diphenyl- 
propanediisocyanate, and lysinediisocyanate Among these poiyisocyanates mentioned above, 2,6-tolyienediisocy- 
anate, isophoronediisocyanate and 4,4'^iphenyimethanedNsocyanate are more preferably employed 

The hydroxy(meth)acry fates usable for the synthesis of the polyetherpolyurethane di(meth)acrylate having the 
polyether structure of the general formula (8) are preferably selected from, for example, 2-hydroxy ethyl (meth)acrylate, 
2-hydroxypropyl (meth)acrylate and 2-hydroxy-3-ph en oxy propyl (meth)acrylate Among these compounds 2-hydrox- 
yethyJ(meth)acrylate is more preferably employed. 

The polyetherpolyurethane di (meth)acryJates having the polyether structure of the general formula (8) and usable 
for the present invention preferably have a molecular weight of 700 to 10,000, more preferably 700 to 6 000 

The polyetherpolyurethane di(meth)acrylates usable for the present invention include polyurethanediacrylates of 
polyethyienegiycols, pblyurethanediacrylatesof polypropyfeneglycols and polyurethanediacrylates of letramethyleneg- 
lycofs Also, as trade chemicals, CJ8 series and CJ11 series (made by Ninon Kasei K.K ) and PPG series and PTMG 
series (made by ARAKAWA KAGAKUKOGYO K K.) polyetherpolyurethane di(meth)acrylate products can be used for 
the present invention 

The polyetherpolyurethane di(meth)acry!ates usable for the present invention are not limited to the above-illus- 
trated compounds. 

In the first component of the electron beam -curable resin composition of the present invention, the polyetherpoly- 
urethane di(meth)acrylates having the poiyether structure of the general formula (8) are employed alone or in a mixture 
of two or more thereof 

In the formula (8) showing the poiyether structure, as long as the values of n and m satisfy the definition as men- 
tioned above, the repeating units in the polyether structure may be divided by at least one aromatic polyol residue, for 
example, by at least one member selected from bisphenoj A residue, bisphehol F residue and bisphenol S residue, 
into two or more blocks 

In the formula (13) representing the polyether structure of the polyether di(meth)acry fates usable for the present 
invention, n represents O or an integer of 1 to 9, preferably an integer of 1 to 4 and m' is an integer satisfying the 
equation: 

(n 4- 1) x m' ^8to200 preferably (n +1) X m' = 12 to 200 

When n is more than 9, the polyether structure per se may be difficult to synthesize, and the synthesis cost may be 
too high Also, when the value of (n * 1 ) x m' is less than 8, the electron beam-cured product from the resultant' electron 
beam-usable resin composition may exhibit too a low softness Also, when the value of (n + 1 ) x rn' is more than 200, 
the resultant compound may exhibit too a high viscosity and a low flowability, and thus the resultant electron beam- 
curable resin composition may be difficult to handle. 

Accordingly, the molecular weight of the polyether structure is 150 to 5,000, preferably 250 to 1,000 When the 
molecular weight of the polyether structure is less than 150, the electron beam-cured product from the resultant poly- 
ether di{meth)acry late-containing electron beam-curable resin composition may exhibit an unsatisfactory softness, and 
thus when the electron beam-cured product is bent, cracks nor splits may be created on the bent product surface Also, 
when the molecular weight is more than 5 000, the resultant polyether di(meth)acrylate may exhibit an extremely high 
viscosity and low flowability, and thus not only may the resultant electron beam-curable resin composition be difficult 
to apply to a support sheet, but also the resultant electron beam-cured product may exhibit a high tackiness due to an 
incomplete curing and thus may be difficult to employ in practice 

Further, in the general formula (1 3) for the polyether structure, as /ong as n and m satisfy the definition as mentioned 
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above, the repeating units of the polyether structure may be divided each into two or more blocks by an aromatic polyoJ 
residue, for example, a bispheno! A bispheno? F or bisphenol S residue 

tn the dt(meth)acrylates usable for the present invention, the polyether di(meth)acrylates having the poJyether 
structure represented by the general formula (13), are not limited to specific compounds, as long as the polyether 
struclure satisfies the general formula (13) Preferably, the poJyether di(meth)acryiates are selected from, for example, 
di(meth)acryJate of polyethyleneglycol, di{meth)acryJate of 1 ,2-polypropyleneglycol, di(meth)acryfate of 1 ,3-polypn> 
pyleneglycoi, di(meth)acrylate of polytetramethyieneglycol, di{meth)acrylate of 1 ,2-polybutyleneglycol, di(meth)acr- 
ylate of polyisobutylenegiycol, di(meth)acrylate of polytetrahydrof urandiol, di(meth)acrylates of alkylene oxide adducts 
of diols, for example, adducts of ethylene oxides, propylene oxides and/or butyfene oxides with bisphenol A, bispheno! 
F and/or bispheno* S and dj(rneth)acrylates of the hydrogen eration derivatives of the diol compounds having the bi- 
sphenol skeleton as mentioned above Also, the polyether di(meth)acrylates include di(meth)acrylates of dibls con- 
sisting of block and random copolymers of the polyetherpolyol compounds as mentioned above with other compounds 

The polyether di(meth)acrylates having the polyether structure of the general formufa (13) may be selected from 
diacrylate of polyethyleneglycol and diacrylate of polypropyfeneglycol Also as trade chemicals, for exampfe, ARONiX 
M-200 series {made by TOA GOSEI K K ) KAYARAD PEG DA series (made by NIHON KAYAKU KK), BLENMER 
PDE-400 (made by NIHON YUSHl K. K), and NEW FRONTIER PE series and NEW FRONTIER BPE series (made 
by DAJICHi KOGYOSEIYAKU K K) polyether di(me1h)acrylate products can be used However, these chemicals are 
merely representative and do not limit the scope of the polyether dt{meth)acry[ates usable for the present invention 

The polyether di (meth)acrylates having the polyether structure of the genera! formula (13) are employed alone or 
in a mixture of two or more thereof 

The polyesterpolyurethane di(meth)acrylates usable for the di(meth)acrylate -containing second component of the 
present invention, have a polyester structure represented by the general formula (9) and having a molecular weight of 
500 to 10,000 

The molecular weight of the polyester structure of the general formula (9) is preferably in the range of from 500 to 
10,000, more preferably from 1,000 to 5,000 When the mofecufar weight of the polyester struclure is less than 500, 
the cured product produced by irradiating an electron beam onto a resin composition containing the resultant polyes- 
terpoiyur ethane di(meth)acry late may exhibit a poor softness and, when the cured product is bent, cracks or splits may 
be formed on the surface of the bent product Also, when the molecular weight is more than 10,000, the resultant di 
(meth)acrylate compound may exhibit an extremely high viscosity and thus may be difficult to handle, and the cured 
product produced by irradiating an electron beam onto the resin composition containing the resultant di(meth)acrylate 
compound may exhibit a hrgh tackmess due to an incompleted curing and thus cannot be used for practice. 

The poly esterpolyur ethane di(meth)acrylate having the polyester structure of the general formula (9) is used as 
an electron beam -curable oligomer for the present invention, and is produced by reacting polyesterpolyols with poiyiso- 
cyanates and compounds having a (me;th)acryJoyl group 

As mentioned above, the polyesterpolyurethane di{meth)acrylates having the polyester structure of the general 
formula (9) and usable for the present invention can be produced by a conventional method Generally, the compounds 
are synthesized by reacting the polyesterpolyols with the polyrsocyanates and then further reacting with hydroxy(meth). 
acryiates There are no limitations to the types of the polyisocyanates and the hydroxy(meth)acrylates to be used for 
the synthesis 

To the type of the polyestepolyols usable for the synthesis of the polyesterpolyurethane di(meth)acrylates there 
is no limitation, as long as the polyesterpolyols have the polyester structure represented by the general formula (9) 

The polyesterpolyols are prepared by an esterificalion reaction of at least one diol with at least one dicarboxylic 
acids The diols are preferably selected from aliphatic dioles, for example, ethyleneglycol, 1 2-propanedioj, 1,3-bu-- 
tanedioj, 1,4-butanediol, 1 ,5-pentanediol, neopentylglycol, isopreneglycol, 1 ,6-hexanediol, 2-methyl-2,4-pentanediol, 
3-meihyl-1 ,5-pentanediol, hexyieneglycol, and 2,5-o r imethyl-2 ) 5-hexaned{ol; aromatic diols for example, catechol, re- 
sorcinol, hydroquinone, 4-tert-butyl catechol, 2-tert-butyl catechol, 1 ,4-dihydroxynaphthaiene, p-bydroxyphenethyl al- 
cohol, bispheno! A, bisphenol F and bisphenol F; and cycioaliphatic diois, lor example, hydrogenerated bisphenol A, 
hydrogenerated bisphenol F and hydrogenerated bisphenol S The dicarboxylic acids are preferably selected from 
aliphatic dicarboxylic acids, for example oxalic acid, malonic acid, succinic acid, glutaric acid and adipic acid; aromatic 
dicarboxylic acids, for example, phthalic acid, isophtftalic acid and terephthalic acid; and cycioaliphatic dicarboxylic 
acids, for example, hydrogenerated phthalic acid Also, the polyesterpolyols include block and random copolymers of 
the polyesterpolyols as mentioned above with other compounds. 

As a diol component for producing the above-mentioned polyesterpolyols, aliphatic diols for exampfe, ethyleneg- 
lycol, 1 3-propyleneglycol, 1 ,4-butanediol, neopentylglycol and 1,4-hexanediol, are more preferably employed 

As a dicarboxylic acid component for producing the above-mentioned polyesterpolyols, aliphatic dicarboxylic acids, 
particularly adipic acid is more preferably employed 

The polyesterpolyurethane di(meth)acrylates usable for the present invention and having the polyester structure 
represented by the general formula (9), may be selected from urethanediacrylates of polyp ropy f en eglycoladipates, 
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urethanediacrylates of poiybutyleneglycoladipates, urethanediacrylates of polyneopentyfglycoladipates, and urethan- 
ediacrylates of polypropyleneglycolphthalates, and trade chemicals, for example, PG series, NP series and JP series 
(made of ARAKAWA KAGAKUKOGYO K K ) and DIABEAM UK-6000 series (made by MITSUBISHI RAYON K K ) 
polyetherpolyurethane di(meth)acrylate products However, 1he polyesterpolyurethane dt(meth)acrylates usable for 
the present invention are not limited to those illustrated above 

The poiy ester polyurethane di(meth)acrylates usabie for the present invention and having the specific polyether 
structure of the formula (9) in each molecuiar thereof are employed alone or in a combination of two or more thereof 
in the second component for the present invention, di(meth)acry fates having a dimeric acid structure selected from 
those of the general formulae (10) and (1t), and derived from dimers of unsaturated higher fatty acids can be used. 

The dimeric acid structure of the above-mentioned di(meth)acrylates, represented by the general formulae (10) 
and (11) is derived from the dimers (namely dimeric acids) of higher unsaturated fatty acids, and having two long chain 
afkyi groups and contains 36 carbon atoms in total This type of di(meth)acrylate having the dimeric acid structure can 
be prepared by polymerizing an unsaturated higher Jatty acid containing Nnoleicacid, for example, saffioweroil, soybean 
oil Irnseed oil and tall oil by a conventional method, to provide a dimeric acid; and reacting the dimeric acid with an 
epoxy compound, and then with a (meth)acryfic acid Also, the di(meth)acrylates having the dimeric acid structure can 
be produced by reacting the dimeric acid with an epoxy compound, then with a poiyisocyanate compound and finafly 
with a hydroxy (meth)acry lie acid to produce a di(meth)acry!ate of the dimeric acid Alternative ty, the dimeric acid is 
reduced to provide a dimeric diot, and the resultant drmeric diol is reacted with a poiyisocyanate and then with a hydroxy 
(meth)acrylale, to introduce an urethane structure into the final product Further, the di(meth)acrylate having the pol- 
yester group-containing dimeric acid structure can be produced by reacting the above-mentioned dimeric diol with a 
polybasrc acid and further reacting the resultant reaction product with a (meth)acryiic acid 

The drmerization reaction product derived from the above-mentioned natural unsaturated higher fatty acid is a 
mixture of the dimers of the genera! formulae (10) and (11) Usuairy the cycloaliphaiic polybasic acid of the general 
formula (10) and the branched chain polybasic acid are present in a weight mixing ratio of about 60/40 to about 80/20 
The composition of the dimerized reaction product is variable h response to the reaction conditions of the dimeric acid 
productton The resultant drmeric acid may contain, even after the preparation thereof residual unsaturated bonds in 
this case the unsaturated bonds may be reduced to saturated bonds. 

Thedi(meth)acry!ates usable for the present invention having the dimeric acid structure preferably have a molecuiar 
weight of 500 lo 1 0 000, more preferably 1 ,000 to 5,000. When the molecular weight of the di(meth)acryfates having 
the drmeric acid structure is less than 500, the resultant di(meth)acry late-containing electron beam-curable resin com- 
position may cause the electron beam-cured product resulted from the resin composition to exhibit a low softness and 
thus when the electron beam-cured product is bent, cracks or splits may be formed on the surface of the bent product 
Also, if the molecular weight is more than 10,000, the resultant compounds may exhibit an extremely high viscosity 
and thus a very lowflowability and a poor handling property Also, when the compound-containing resin composition 
is cured by an electron beam irradiation, the resultant cured product may exhibit a high tackiness due to incomplete 
curing and thus cannot be used in practice 

The di(meth)acry fates having the dimeric acid structures of the general formulae {10) and .(11) may be selected 
from epoxy-modif ied dimeric acid diacryiates and ester-modified dimeric acid diacrylates and trade chemicals available 
under the trademarks of, for example, DA series (produced by ARAKAWA KAGAKUKOGYO K K ), and are not limited 
to those illustrated above 

The di(meth)acrylates having the dimeric acid structure may be used alone or in a combination of two or more 
thereof 

In the second composition of the resin composition of the present invention, the polyolefinpolyurethane di(meth) 
acryiates provided with the polyolefin structure represented by the general formula (12) and having a molecular weight 
of 500 to 10,000 can be used 

The molecular weight of the polyolefin structure of the formula (12), of the di(meth)acrytates usable for the present 
invention is preferably in the range of from 500 to 1 0. 000, more preferably 1 ,000 to 5,000, to make sure that the resultant 
electron beam-cured product, for example, the electron beam-cured resin coating layer of the composite sheet material, 
exhibits a satisfactory softness When the molecular weight of the polyolefin structure is Jess than 500, the resultant 
di(meth)acrylates may cause the resultant resin composition containing the di(meth)acrylate to produce an electron 
beam-cured product having a poor softness and thus when the electron beam-cured product is bent, cracks or splits 
may be formed on the surface of the bent product. Aiso 3 when the molecular weight is more than 10,000, the resultant 
di(meth)acryEates may exhibit an extremely high viscosity and thus a tow flowability and a poor handling property Also, 
when the resultant di(meth)acrylate-containing resin composition is cured by an electron beam irradiation the cured 
product may exhibit a high tackiness due to incomplete curing, and thus cannot be employed in practice 

Accordingly, the b in the general formula (12) is an integer showing a degree of polymerization of the olefin unit 
and causing the molecular weight of the polyolefin structure of the formula (11 ) to fall within the range of from 500 to 
10,000 
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The di(melh)acry!ate having the polyolefin structure of the formuia (12) usable lor the present invention can be 
prepared by reacting straight chain or branched chain alkyldiois with poiytsocyanates and further reacting the resultant 
reaction product with hydroxy(meth)acrylates 

The straight chain or branched chain alkyldiois include diols of polyofeftns selected from polyethylene, pofypropyl- 
ene and hydrogenerated 1,2-pofybutadiene 

The polyolefinpolyurethane di(meth)acry!ates having the polyolefin structure of the formula (12) include urethan- 
ediacrylates of polyethylenediols and urethanediacry fates of hydrogenated polybutadienediois, and trade chernicafs 
available under the trademarks of, for example, KU511 series (produced by ARAKAWA KAGAKUKOGYO K K.) and 
TEAI series (made by NIHOM SODA K K ) polyolefinpolyurethane di(meth)acrylate products, but are not limited to 
those illustrated above 

Thedi(meth)acrylates having the polyolefin structure of the formula (12) usabfe for the present invention may be 
employed alone or in a combination of two or more thereof 

In the electron beam-curable resjn composition of the present invention, a first component comprising at least one 
mono-functional electron beam-curable organic compound which can be converted to a homopolymer having a Tg of 
20° C or more and a second component comprising at least one di(meth)acrylate are mixed preferably in a weight 
mixing ratio of 90/10 to 10/90, more preferably 80/20 to 20/80 This type of electron beam -curable resin composition 
of the present invention enables the electron beam-cured products, for example, electron beam-cured films to exhibit 
an ultimate elongation of 100% or more, and thus the composite sheet material having an electron beam-cured resin 
coating. layer to exhibit an excellent softness. 

When the content of the di(meth)acry late-containing second component in the electron beam-curable resin com- 
position is more than 90% by weight based on the total weight of the electron beam-curable unsaturated organic 
compounds present in the resin composition, the resultant resin composition may exhibit too a high viscosity, and may 
be difficult to handle and/or the resultant cured product surface may exhibit an undesired tacky feefing Afso, when 
the content of the di(meth)acrylate-confaining second component in the resin composition is less than 10% by weight 
based on the total weight of the electron beam-curable unsaturated organic compounds present in the resin compo- 
sition, the resultant electron beam-cured product may exhibit a low softness and a high brittleness, and thus She cured 
product, for example a cured coating layer, may be easily cracked or spirt by bending 

trt an embodiment of the electron beam-curable resin compositions of the present invention, the mono-functional, 
electron beam-curable organic compound-containing first component comprises acryloylmorpholine, and the di(meth) 
aery fate-containing second component comprises at least one member selected from the class consisting of the pol- 
yether polyurethane di(meth)acrylates having the polyether structure having a molecular weight of 500 to 10,000 and 
represented by the general formula (8); the polyesterpolyurethane di(meth)acrylates having the polyester structure 
having a molecular weight of 500 to 10,000 and represented by the general formula (9); and the di(meth}acry fates 
having a molecular weight of 500 to 10,000 and provided with a dimeric acid structure represented by a member 
selected from the general formulae (10) and (11) and derived from a dimer of an unsaturated higher fatty acid 

In another embodiment of the electron beam-curable resin compositions of the present invention, the mono-func- 
tional, electron beam curable organic compound-containing first component comprises a mono(meth)acrylate having 
a tricyclo[5 2 1 0 2 ' 6 ] decane structure represented by the formula (1 ), and the di(meth)acrylate-containing second com- 
ponent comprises at least one member selected from the class consisting of the polyetherpotyurelhane di(meth)acr- 
ylates having the polyether structure having the molecular weight of 500 to 10 000 and represented by the formula (8); 
the polyesterpolyurethane di(meth)acrylates having the polyester structure represented by the general formuia (9} and 
having the molecular weight of 500 to 1O r Q00; and the polyolefinpolyurethane di(meth)acrylates haying the polyolefin. 
structure represented by the formula (12) and having the molecular weight of 500 to 10,000 

in another embodiment of the electron beam-curable resin compositions of the present invention, the mono-func- 
tional, electron beam-curable organic compound-containing first component comprises a cycloalkyJ mono(meth)acr- 
yiate represented by the general formufa (2); and the di(meth)acrylate-containing second component comprises at 
least one member selected from the class consisting of the pplyetherpolyurethane di(meth)acrylates having the poly- 
ether structure represented by the general formula (8) and having the molecular weight of 500 to 10,000, the polyes- 
terpolyurethane di(meth)acrylates having the polyester structure represented by the general formula (9) and having 
the molecular weight of 500 to 1 0,000, and the polyolefinpolyurethane di(meth)acryiaies having the polyolefin structure 
represented by the general formula (12) and having the molecular weight of 500 to 10,000 

In an embodiment of the electron beam-curable resin compositions of the present invention, the mono-functional, 
eject ron beam-curable organic compound-containing first component comprises a mono(meth)acrylate of a tert-alco- 
ho] f represented by the general formula (3); and the di(meth)acry late-containing second component comprises at least 
one .member selected from the class consisting of the polyetherpolyurethane di(meth)acrylate having the polyether 
structure represented by the general formula (8) and having a molecular weight of 500 to 10,000, the polyesterpoly- 
urethane di(meth)acrylate having the polyester structure represented by the general formula (9) and having the mo- 
lecular weight of 500 to 10,000, and the polyolefinpolyurethane di(meth)acrylates having the polyolefin structure rep- 
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resented by the general formula (12) and having the molecular weight of 500 to 10,000. 

In another embodiment of the electron beam-curable resin compositions of the present Invention, the mono-func- 
tional, electron beam-curable organic compound-containing first component comprises a mono(meth)acrylate having 
the succimmide structure and represented by the general formula (4); and the di(meth)acryJate-containing second 
component comprises at least one member selected from the class consisting of the polyetherpolyurethane di(meth) 
acryJates having the polyether structure represented by the general formula (8) and having the molecular weight of 
500 to 10,000, the polyesterpolyurethane di(meth)acrylate having the polyester structure represented by the general 
formula (9) and having the molecular weight of 500 to 10,000, and the di(meth)acrylaies provided with a dimeric acid 
structure derived from a dimer of an unsaturated higher fatty acid and selected from those represented by the general 
formulae (10) and (11), and havmg a molecular weigh) of 500 to 10,000 

In another embodiment of the electron beam-curable resin compositions of the present invention, the mono-func- 
tional, electron beam-curable organic compound-containing first component comprises a mono(meth)acrylate having 
a bisphenol structure and represented by the general formula (5); and the dKmeth)acry late-containing second compo- 
nent comprises at least one member selected from the class consisting of the polyetherpolyurethane di(meth)acrylates 
having the polyether structure represented by the general formula (8) and having a mofecular weight of 500 to 10,000, 
the polyesterpolyurethane di(meth)acrylate having the polyester structure represented by the general formula (9) and 
having the molecular weight of 500 to 10,000, and the polyolefinpolyurethane df(meth)acrylates having the polyolefin 
structure represented by the general formula (12) and having the molecular weight of 500 to 10,000 

in another embodiment of the electron beam-curable resin compositions of the present invention, the mono-func- 
tional, efectron beam-curable organic compound-containing first component comprises a mono(meth)acrylate having 
a cyclic dicarboxylic acid monoester structure and represented by the general formula (6); and the di(meth)aerylate- 
containing second component comprises at least one member selected from the class consisting of the polyetherpoly- 
urethane di(meih)acryfate having the polyether structure represented by the general formula (8) and having the mo- 
lecular weight of 500 to 10,000, the polyesterpolyurethane di(meth)acrylaie havingthe polyester structure represented 
by the general formula (9) and having the molecular weight of 500 to 10,000 

in another embodiment of the electron beam-curable resin compositions of the present invention the mono-func- 
tional, electron beam-curable organic compound-containing first component comprises a N-vinyl lactam compound 
represented by the general formula (7); and the di(meth)acry!ate-containing second component comprises at least one 
member selected from the class consisting of the polyetherpolyurethane di(meth)acrylate having the polyether structure 
represented by the general formula (8) and having the molecular weight of 500 to 10,000, the polyesterpolyurethane 
di(meth)acrylate havingthe polyester structure represented by the general formula (9) and having the molecular weight 
of 500 to 10,000, andthedi(meth)acrylates provided with a dimeric acid structure derived from a dimer of an unsaturated 
higher fatty acid and selected from those represented by the general formulae (10) and (11) 3 and having a molecular 
weight of 500 to 10,000. 

In a stiff another embodiment of the electron beam-curable resin compositions of the present invent ion, the mono- 
functional, electron beam-curable organic compound -containing first component comprises acryloylmorpholine,. and 
the di(meth}acry late-containing second component comprises a polyether di(meth)acryiate provided with the polyether 
structure represented by the formula (13) and having the molecular weight of 150 to 5 000, the mixing ratio in weight 
of the first component to the second component being in the range of from 51 /49 to 90/1.0, preferably 85/1 5 to 51/49 
In this embodiment, when the first and second components are employed in the mixing weight ratio in the above- 
mentioned range, the uftirnate elongation of the electron beam-cured resin film from which an electron beam-cured 
resin coating layer of the composite sheet material is formed, can be controlled to a level of 50% or more, and thus 
the composite sheet material having the electron beam-cured resin coating layer and exhibiting a softness high suffi- 
cient to practical use can be obtained 

In the above-mentioned electron beam-curabJe resin composition containing the polyether di(meth)acrylate having 
th e polyeth er sf ructure of the gene rai formu la (1 3) , when the content of the polyethe r di(meth)acry late contain ing second 
component is more than 49% by weight based on the total weight of the electron beam-curable unsaturated organic 
compounds, the resultant electron beam-curable resin composition causes the electron beam-cured resin coating layer 
formed from the resin composition by the electron beam irradiation to have unsatisfactory Young's modulus and ultimate 
elongation, and thus to exhibit an extremely decreased dynamic performance and a low applicability to practical use : 
Also, when the content of the polyether di(meth)acrylate is less than 10% by weight, the resultant electron beam-cured 
resin film or coating layer may exhibit a low softness and an increased brittleness and thus may be easily cracked or 
split by bending 

in the electron beam-curable resin composition of the present invention the mono-functional, electron beam-cur- 
able organic compounds which can be converted, when homopolymerized, to homopofymers having a gfass transition 
temperature (Tg) of 20° C or more, and usable for the first component, are preferably selected from, as mentioned 
above, acryloylmorpholine; mono(me£h)acrylates having a tricyclo[5 2 1 0 2 ' 6 ] decane structure of the general formula 
(1); cydoafkyl mono(meth)acrylates of the general formula (2); mono(meth)acrylates of tert-alcohols of the general 
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formula (3); mono(meth)acry lates of the succinimide structure and represented by the general formula (4); mono(meth) 
acryfates having the bisphenol structure and represented by the general formula (5); mono(meth)acry lates having the 
cyclic dicarboxylic acid monoester structure and represented by the general formula (6); and N-vinyl lactam corre- 
sponds ot the general formula (7) These compounds may be employed alone and in a mixture of two or more thereof. 

In the present invention, the di(meth}acrylates usabie for the second component of the electron beam-curable 
resin composition are used together with the first component comprising at least one mono-functional, electron beam- 
curable organic component capabfe of being converted to a homopojymer with a Tg of 20 • C or more The di(meth) 
aery lates are preferably selected from, as mentioned above, polyetherpolyurethane di(meth)acry lates having the pol- 
yether structure represented by the general formula (8); pofyesterpolyurethane di(meth)acrylates having the polyester 
structure of the general formula (9); di(meth)acry lates having a dimeric acid structure represented by the general for- 
mufa. (10) or {11); the polyolefinpolyurethane di(meth)acry fates having the polyolefln structure of the general formula 
(1 2); and poiyether di(rneth)acry lates having the polyether structure represented by the general formula (1 3) These 
compounds may be employed alone or in a mixture of two or more thereof 

Even in the case where the first component comprises two or more mono-functional, electron beam-curable organic 
compounds and the second component comprises two or more di{meth)acrylate compounds, the mixing ratio in weight 
ot the first component to the second component is preferably in the range ot from 90/1 0 to 10/90, more preferably from 
80/20 to 20/80 When the first and second components are present in the above-mentioned mixing weight ratio, the 
resultant electron beam-cured resin film or coating layer exhibits a high softness which is sufficient to impart a high 
softness to the composite sheet material 

Among the above-mentioned mono-functional, electron beam-curable organic compounds for the first component, 
when ACMO the mono(meth)acrylates of the general formula (4) having the succinimide structure, or the N -vinyl 
lactam compounds of the general formula (7) are employed for the first component, the di(meth)acrylates for the second 
component are preferably selected from those exhibiting a hydrophobic ity as low as possible and those provided with 
substituenis with a high hydrophilicity 

Howover in the case where a di(meth)acryfate having a high hydrophobic ity, for example, a polyolefine di(meth) 
acrylate is used in combination with a mono-funciional, electron beam-curabie organic compound having a high hy- 
drophilicity these component compounds are preferably employed together with at least one member selected from 
the mono-functional, electron beam-curabie organic compounds and having a relatively high hydrophobicity and/or at 
least one member selected from the di(meth)acrylates and having a relatively Jow hydrophobicity to enhance the 
solubility and uniformity of the resin composition and the compatibility and uniformity of the electron beam-cured prod- 
uct 

Further, in the electron beam-curable resin composition, at least one additional member selected from mono- 
functional, electron beam-curable organic compounds which can be converted to a homcpolymer having a Tg of 20°C 
or less and tri- or more functional (melh)acrylates may be contained in an amount which causes the resultant electron 
beam-cured product to exhibit a satisfactory softness In this case, the additional member is preferably in art amount 
of 10 parts by weight or [ess per 1 00 parts by weight of the electron beam-curable resin composition 

The composite sheet material of the present invention comprises a support sheet and an electron beam-cured 
resin coating layer formed on at least one surface of the support sheet and comprising an electron beam-cured product 
of an electron beam-curable resin composition of the present invention The electron beam-cured resin coating iayer 
preferably has an ultimate elongation of 50% or more 

Another composite sheet material of the present invention comprises a support sheet and an electron beam-cured 
resin composite coating layer formed on at least one surface of the support sheet and comprising a laminate of a 
pfurality of resin layers including at least an inside resin layet located adjacent to the support sheet and an outermost 
resin layer located outermost of the composite sheet material, at least one of the plurality of resin layers in the electron 
beam-cured resin composite layer comprising an electron beam-cured product of the electron beam-curable resin 
composition of the present invention as mentioned above 

Preferably, the inside resin layer bonded to the support sheet comprises the electron beam-cured product of the 
electron beam-curable resin composition of the present invention 

In this type of composite sheet material of the present invention, the electron beam-cured resin composite coating 
layer preferably has an ultimate elongation of 50% or more 

To enhance the smoothness and gloss of the composite sheet material of the present invention, the electron beam- 
cured resin coating layer is preferably formed by a cast EB method The cast EB method will be illustrated below in detail 

A surface of a support sheet is coated with a resin coating layer-forming electron beam-curabie resin composition, 
to form a coated liquid layer 

The coated liquid layer on the support sheet is superposed on a surface of a rotating cylindrical casting drum or 
a casting sheet material having a high smoothness and gloss Then the coated liquid layer superposed on a high 
smoothness and gloss casting surface is subjected to an irradiation of an electron beam, to be cured and to cause the 
resultant cured resin layer to be firmly bonded to the support sheet The resultant laminate is separatedfrom the casting 
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surface The above-mentioned composite sheet mater fal-producin g method is referred to as a direct coating method 

In another method, a resin coating layer-forming electron bearrvcurabie resin composition is coated on a high 
smoothness and gloss surface of the above-mentioned casting drum or sheet, to form a coated liquid layer on the 
surface Then, a surface of a support sheet is superposed on the surface of the coated liquid layer oh the casting 
surface An electron beam is irradiated toward the coated liquid layer through the support sheet, to cure the coated 
liquid layer and to firmly bond the resultant cured resin layer to the support sheet 

The resultant laminate is separated from the easting surface, to obtain a composite sheet material This method 
is referred to as a transfer coating method 

The support sheet usable for the composite sheet material of the present invention is not limited to a specific type 
of sheet materials and may be selected from paper sheets, for example woodfree paper sheets plastic films, woven 
or knitted fabrics, non woven fabrics and metallic foils for example, aluminum foils, each having a relatively small 
thickness, for example, of 6lo500jim Preferably the paper sheets are used for the support sheet There is no limitation 
to the type of the paper sheets for the support sheet Preferably the paper sheets have a basis weight of 50 to 300 g/ 
m 2 and a high surface smoothness As a pulp for forming the paper sheets generally, natural pulps including softwood 
pulps, lor example, fir and Japanese oak wood pulps; hardwood pulps, for example, maple, Japanese beech and popfar 
wood pulps; and mixtures of the softwood and hardwood pulps, are mainly used The natural pulps include bleached 
pulps, for example, kraft pulps, sulfite pulps and soda pulps Also, paper sheets made from a mixed pulp containing 
synthetic fibers and/br synthetic pulps may be used for the support sheet The above-mentioned paper sheets optionally 
contain at least one member selected from usual additives, for example, dry paper strength-enhancing agents, sizing 
agents, fillers, wet paper strength-enhancing agents, fixing agents, and pH value-regulators. 

The support sheet usable for the composite sheet material of the present invention may be selected from pigment 
coated paper sheets such as coated paper sheets, cast-coated paper sheets and art paper sheets, in each of which 
one or two surfaces of a paper sheet, for example, woodfree paper sheet are coated with a pigment coating layer 
comprising, as a main component, a pigment, for example, clay talc, kaolin, calcium carbonate, aluminum hydroxide, 
titanium dioxide, magnesium hydroxide, or plastic pigment, and a synthetic resin binder, for example, an acrylic resin, 
polyurethane resin ethyJene-acrylic acid copolymer resin, vinyl acetate-ethylene copolymer resin, styrene-butadlene 
copolymer resri or polyvinylidene chloride resin Alternatively, the support sheet may be a laminate paper sheet pro- 
duced by laminate-coating one or two surfaces of a paper sheet with a polyolefin resin, for example, polyethylene resin 

In the composite sheet material of the present invention, a support sheet comprising a plastic film or a synthetic 
paper sheet may be utilized For example, a plastic film formed from a thermoplastic resin composition containing a 
polyolefin resin, for example, polypropylene resin or polyethylene resin may be used as a support sheet Also, a syn- 
thetic paper sheet produced from a synthetic resin film and having a paper-like surface may be used as a support 
sheet The plastic films or synthetic paper sheets usable for the support sheet, may include at least one member 
selected from white pigments, for example, clay, talc, kaolin, calcium carbonate, titanium dioxide and magnesium 
hydroxide; metal soaps for example, zinc stearate; dispersing agents, for example various surfactants; and coloring 
pigments 

: In the above-mentioned direct and transfer coating methods, the casting sheet material which is used as a casting 
base is not limited to a specific type of sheet materials Generally the casting sheet material is preferably selected 
from plastic films for example polyester films, metallic sheets, resin-coated paper sheets, metallized films, and met- 
allized paper sheets Also, a releasing agent such as a silicone or wax may ba applied to the casting sheet surface to 
made the separation of the cured resin coating layer from the casting surface easy Also, the casting sheet may be 
formed into the form of an endless belt form and repeatedfy used 

The metallic cylindrical rotating drum usable as a casting base in the direct or transfer-casting method is not limited 
to those having a specific form and made from a specific material, and thus may be a rotating drum made from, for 
example a stainless steel, copper or chromium and having a mirror-finished smooth peripheral surface Also, to make 
the separation of the cured resin coating layer from the casting surface easy, a releasing agent such as silicone or wax 
may be applied to the peripheral surface of the rotating drum 

In a procedure for applying an electron beam-curabie resin composition to a casting surface of the metallic cylin- 
drical rotating drum or to a surface of the support sheet, a coating method, for example, bar-coating method, air doctor- 
coating method blade-coating method, squeeze-coating method, air knife-coating method, roli-coating method, gra- 
vure-coating method, transfer coating method, comma coating method, smoothing coating method, microgravure coat- 
ing method, reverse roll coating method, multi-roll coating method, dip-coating method, biss coating. method, gate roll- 
coating method, curtain fall coating method, slide coating method, fountain coating method or slit die coating method, 
can be utilized Particularly when the metallic cylindrical rotating drum is used as a casting base, a roll coating method 
or offset gravure coating method using a coating rubber roll is preferably employed to prevent damage to the casting 
surface of the rotating drum. Alternatively, a noncontact type coating method, for example, fountain coating method or 
slit die-coating method is advantageously used for the rotating drum 

In the composite sheet material of the present invention the amount of the electron beam-cured resin coating 
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layer is preferably 3 to 60 g/m 2 more preferably 5 to 40 g/m 2 after curing When the coating amount is tess than 3 g/ 
m 2 , the resultant cured resin coating layer surface may have an insufficient smoothness and thus an unsatisfactory 
appearance Also, when the coating amount is more than 60 g/m 2 the coating effect may be saturated and the coating 
cost may be too high 

s When a paper sheet is used as a support sheet, the amount of the cured resin coating iayer after curing is preferably 

3 g/m 2 or more, more preferably 5 to 20 g/m 2 When the coating amount is less than 3 g/m 2 the resultant coating layer 
may not able to fully compensate for an unevenness of the support paper sheet 

Further, when the paper sheet is used as a support sheet of the composite sheet material of the present invention, 
the electron beam-cured resin coating layer is preferably formed in a two or more fayered structure In this case, the 
10 election beam-cured resin layer formed from the electron beam curable resin composition is preferably arranged ad- 
jacent to the support paper sheet 

In the composite sheet material of the present Invention, an undercoat Jayer comprising, as a main component, a 
synthetic resin may be arranged between the support sheet and the electron beam-cured resin Jayer located next to 
the support sheet to enhance the smoothness of the resultant composite sheet material and to improve the adhesion 
of the support sheet to the electron beam -cured resin layer located next to the support sheet 

The synthetic resin for the undercoat layer preferably comprises at least one member selected from, alkyd resins, 
(meth)acrylic resins, vinyl resins, cellulosic polymers, poiyurethane resins, polyester resins and copolymers thereof 
The synthetic resins are dissolved or dispersed in an organic solvent or an aqueous medium and coated The undercoat 
layer may be formed from an electron beam-curable resin or a ultraviolet ray-curabie resin 
20 Further, when a paper sheet is employed as a support sheet, an undercoat layer comprising a barrier agent, for 

exampfe, a polyvinyl alcohol, hydroxyethyf cellulose or oxidized starch may be arranged on the support paper sheet, 
to prevent penetration of the electron beam-curable resin composition into the support paper sheet 

The arrangement of the undercoat layer between the support sheet and the electron beam-cured resin coating 
layer located adjacent to the support sheet is usually used for the production of the composite sheet material in which 
25 a cured resin coating layer formed from an electron beam curable resin composition is coated on a support sheet For 
example, the undercoat layer is contained in the conventional support sheets for photographic printing sheets, photo- 
graphic image-transter sheet, support sheets of thermosensitive printing sheets, releasing sheets for working proce- 
dures, th ermosensitive image- receiving sheets, Inkjet recording sheets and sealing sheets. 

For the purpose of increasing a whiteness or brightness of the composite sheet material of the present invention, 
30 a white inorganic or organic pigment is optionally contained in the electron beam-curable resin composition There is 
no limitation to the type of the pigment Preferably, the pigment contains at least one member selected from inorganic 
pigments, for example clay kaolin, talc, magnesium hydroxide, aluminum hydroxide, caicium carbonate, anatase and 
rutiie titanium dioxides, zinc oxide (chinese white) and barium sulfate; and organic pigments, which may be referred 
to as plastic pigments, for example, polystyrene The pigment particles may be free from surface treatment. To enhance 
35 the dispersibility of the pigment particles in the electron beam-curable resin composition, the surfaces of the pigment 
particles are preferably treated with a siloxane, alumina, afcohol, silane-coupling agent, rhodinic acid and fatty acid 
Afso, the pigments may be employed alone or in a mixture of two or more thereof The pigment is added in an amount 
which does not cause the resultant electron beam-cured product of the electron beam-curable resin composition of 
the present invention to exhibit an unsatisfactory softness Usually, the pigment is preferably employed in an amount 
40 of 10 to 50 parts by weight, more preferably 20 to 40 parts by weight per 100 parts of the total weight of the electron 
beam-curable resin composition When the content of the pigment is less than 1 0 parts by weight the added pigment 
may exhibit an unsatisfactory opacifying effect Also, when the pigment content is more than 50 parts; the resultant 
electron beam -curable resin composition may exhibit too a high viscosity and a flowability and thus may be difficult to 
be coated on a support sheet. 

4B jo disperse the inorganic or organic pigment in the electron beam-curable resin composition of the present inven- 

tion, a conventional dispersing machine, for example, a three roll mill, two roll mill, Caufes dissoJver, hpmomixer, sand 
grinder, planetary mixer or ultrasonic disperser can be utilized. 

The electron beam-curable resin composition of the present invention optionally contains an additive comprising 
at least one member selected from conventional dispersing agents, releasing agents, antifoamers, coloring materials, 

so dyes and antiseptic agents 

The apparatus for irradiating an electron beam is not limited to a specific type of apparatuses For example, a 
handigraph type scanning system, double scanning system, broadbeam system or curtain beam system electron beam- 
irradiating apparatus, can be used Among those apparatuses, the curtain beam system electron beam-irradiation 
apparatus is advantageously employed for the present invention, because this system of apparatus can irradiate an 

& electron beam with a large output and with a releasing low cost. When the electron beam is irradiated, preferably, the 
acceleration voltage is 100 to 300 kV, and the absorption dose is 0.1 to 8 Mrad, more preferably 0 5 to 6 Mrad 
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EXAMPLES 

The present invention will be further illustrated by the following examples which are merely representative and do 
not restrict the scope of the present invention in any way. 

Jn the indication of the composition of the electron beam-curable resin composition in each example, the glass 
transition temperature of a homopolymer produced by a radical polymerization of a mono-1uhctional, electron bearri- 
curabie organic compound is shown in parentheses located next to the name of the compound ThQ glass transition 
temperature was actually measured by a glass transition temperature tester (model: DSC 22C, made by SEIKO DEN- 
SHI K K ) 

Exampfe. 1 



A composite sheet material having an excellent softness was produced arid tested by the following procedures 



Electron beam-curable resin composition 1 


Component 


Amount (part by weight) 


Diacryfate of polyethyfeneglycoi having a molecular weight 600 (trademark: KAYARAD 
PEG600-DA made by NIHON KAYAK U K K.) 

AcryloyfmorphoJine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


25 
75 



A mixture of the above-mentioned components was mixed and dispersed in a Caules dissoiver at 2000 rpm for 
20 minutes to provide an electron beam-curable resin composition 1 



Production of composite sheet material 

The resin composition 1 was coated on a surface of a support sheet consisting of a castcoated paper sheet having 
a basis weight of 145 gym 2 (trademark: OK TOPCOAT DUL, made by OJI PAPER CO.., LTD) by using a Mayer bar, to 
form a coating liquid layer in an amount corresponding to a cured weight of 1 0 g/m 2 Then, on the coating liquid layer, 
a casting materia] consisting of a polyester film having a thickness of 75 p.m was superposed, An electron beam was 
irradiated toward the coating liquid layer through the polyester film superposed on the coating liquid layer under an 
acceleration voltage of 175 kV at an absorption dose of 3 Mrad sn a nitrogen gas atmosphere containing 500 ppm or 
less of oxygen, to cause the coating liquid layer to be cured and the resultant electron beamrcured resh coating layer 
to be firmly bonded to the support sheet. The polyester film was removed from the cured resin coating layer to provide 
a composite sheet material having an electron beam-cured resin coating layer bonded to the support sheet 

Tests and evaluations 

(1) Measurement of softness of composite sheet material 

A specimen of the composite sheet material was bent at a bending angle of 1 80 degree in such a manner that the 
electron beam-cured resin coating layer forms an outer surface of the bent composite sheet material The degree of 
crack-creation in the cured resin coating layer was observed by the naked eye and indicated in accordance with the 
following evaluation results 



Class 


Degree of crack-creation 


4 


No crack was formed in the bent resin layer . 


3 


No crack was formed in the bent resin layer, but wrinkles were found after released from bending 


2 


A small number of cracks were formed in the bent resin layer : 


1 


The bent resin layer was completely broken. 



In classes 4 and 3, the resultant composite sheet material is exceHent for practical use, in class 2, the resultant 
composite sheet material can be practically used only in a limited use, and in class 1, the resultant composite sheet 
is useless in practice The test result is shown in Table 1 
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(2) Measurement of white sheet gloss 

A white sheet gloss of a sample of the composite sheet material was measured fn accordance with Japanese 
Industrial Standard (JJS) Z 8741, by using a gloss meter (model: VGS-jD, made by NIHON DENSHOKU KOGYO K 
5 K , ar a test angle 60°/60° When the measured gloss value is 75 or more, the resuitant composite sheet material Is 
excellent in gloss The test result js shown in Table 1 

(3) Measurement of ultimate elongation of electron beam-cured resin "film 

10 An electron beam-cured resin film corresponding the electron beam -cured resin coating layer in the resultant com- 

posite sheet material was prepared by coating the resin composition 1 on a surface of a poiyester film (film 1) by using 
a Mayer bar to form a coating liquid layer in an amount corresponding to a cured resin amount of 10 g/m? Then, 
another polyester film (film 2) which is the same as that used as a casting film in Example 1 , was superposed on the 
coating liquid layer An electron beam was irradiated toward the coating liquid layer through the fMm 2 under an accel- 
eratioh voltage of 175 kV at an absorption dose of 3 Mrad in a nitrogen gas atmosphere containing 500 ppm or Jess 
of oxygen, to convert the coating liquid layer to an electron beam-cured resin film. The films 1 and 2 were removed 
from the resultant electron beam-cured resin fiJm 

The cured resin film was subjected to an ultimate elongation measurement in accordance with JIS P B 113 by 
using a tensile tester {trademark: STROGRAPH M-2, made by TOKYO SEIKi K K ) in this measurement, a testing 

20 iength of a specimen (a distance between a pair of gripers for the specimen) was 10 mm, and the stretching rate was \ 
5 mm/min The specimen had a width of 1 0 mm and a length oi 20 mm The testing atmosphere was conditioned to a 
temperature of 20 ± 2°C and a relative humidity of 65 ± 5%. RH Where the cured resin film exhibited an ultimate 
elongation of 50% or more, the composite sheet material having an electron beam-cured resin coating layer corre- 
sponding to the tested electron beam-cured resin film exhibits a satisfactory softness for practice Where the ultimate 

25 elongation of the tested cured resin film is 100% or more the corresponding composite sheet materia E exhibits an 
excellent softness for practice and a high durability even under severe using conditions 
The test result is shown in Table 1 

Example 2 

30 

A composite sheet material was produced by the same procedures as in Example 1 , with the following exceptions 
The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 2 





having the following composition 




35 


Electron beam-curable resin composition 2 


Component 


Part by weight 




Diacrylate of polyethylenegiycol (molecular weight: 270) (trademark: KAYARAD PEG300 -DA, 


25 




NIHON KAYAKU K.K ) 




40 


AcryJoylmorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJJN) 


75 



The resultant composite sheet material and the electron beam cured resin film corresponding to the electron beam- 
cured resin coating layer of the composite sheet material were tested and evaluated by the same procedures as in 
Example 1 The test results are shown in Table 1 



Example 3 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 3 
having the following composition 



Electron beam-curable resin composition 3 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a molecular weight of 2,800 (trademark: 
CJ-8-1 , made by NJHON KASEI K.K.) 


50 
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(continued) 



Electron beam-curable resin composition 3 


Component 


Part by weight 


Acryioylmorpholine (Tg - 140°C) (trademark; ACMO, made by K.K. KOJiN) 


50 



The test results are shown in Table 1 



Example 4 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition I was replaced by an electron beam-curable resin composition 3 
having the following composition 



Electron beam -curable resin composition 4 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a molecular weight of 1 000 (trademark: 
PPG 1000-U made by ARAKAWA KAGAKUKOGYO K K ) 
Acryioylmorpholine (Tg = 140 fl C) (trademark: ACMO, made by K.K. KOJIN) 


50 
50 



The test results are shown in Tabfe 1 



Hxampje_5 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron bearrvcurable resin composition 5 
having the following composition 



Electron beam -curable resin composition 5 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a molecular weight of 2,100 (trademark: 
PPG2,000-U > made by ARAKAWA KAGAKUKOGYO K K ) 
Acryioylmorpholine (Tg _ 140°C) (trademark: ACMO f made by K.K. KOJIN) 


50 
50 



The test results are shown in Table 1. 



Example 6 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the foflowing 
exceptions 

The electron beam -curable resin com positron 1 was replaced by an electron beam-curable resin composition 6 
having the following composition 



Electron beam-curable resin composition 6 


Component 


Part by weight 


Polyurethane diacryfate of polypropyleneglycol having a molecular weight of 4,200 (trademark: J- 
11-3, made by HIHON KASEI K.K ) 

Acryioylmorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


. - 50 
50 



The test results are shown in Table 1 
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Example- 7 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 7 
having the following composition 



Electron beam-curable resin composition 7 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a molecular weight of 700 (trademark: 
PPG700-MD), made by ARAKAWA KAGAKUKOQYC KK ) 
Acryloylmorpholine (Tg- 140°C) (trademark: ACMO, made by K.K, KOJiN) 


50 
50 



The test results are shown in Tabie 1 



Example 8 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composrtion 1 was replaced by an electron beam-curable resin composition 8 
having the following composition 



Electron beam -curable resin composition 8 


Component 


Part by weight 


Polyurethane diacryfate of poiytetramethyienegiycof having a molecular weight of 650 (trademark: 
PTMG 650-U, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryloylmorpholine (Tg = 140°C) (trademark: ACMO, made by KK. KOJIN) 


50 
50 



The test results are shown in Tabie 1 



Example 9 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composftion 9 
having the following composition 



Electron beam-curable resin composition 9 i 


Component 


Part by weight 


Polyurethane diacryfate of polyethyleneglycol having a molecular weight of 1 ,000 (trademark: K- 
7553, made by NIHON KASEf K K ) 

Acryloylmorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


50 
50 



The test results are shown in Table 1 



Example 10 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition I was replaced by an electron beam-curable resin composition 10 
haying the following composition 
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Electron beam-curable resin composition 10 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a molecular weight of 2 100 {trademark: 
PPG 2000-U, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryloylmorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


75 
25 


The test results are shown in Table 1 




Example 1 1 




A composite sheet material was produced and tested by the same procedures as fn Example 1, with ihe following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 11 
having the following composition 


Electron beam-curable resin composition 11 


Component 


Part by weight 


Polyurethane diacrylate of polyester produced trom propyleneglycoJ and adlpic acid and having a 
molecular weight of 1 ,000 (trademark: PGAA 1000, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryloylmorpholine (Tg - 140>C) (trademark: ACMO, made by K.K. KOJIN) 


50 
50 



The test results are shown in Table 1 



Example 1 2 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composftion 12 
having the following composition 



Electron beam-curable resin composition 12 


Component 


Part by weight 


Polyurethane diacrylate of polyester produced from propyleneglycol and adjpic acid and having a 
mojecular weight of 2,000 (trademark: PGAA 2000, made by ARAKAWA KAGAKUKOGYO K K ) 


60 


Acryloylmorpholine (Tg = 140 a C) (trademark: ACMO, made by K.K. KOJIN) 


40 


The test results are shown in Table 1 




Example 1 3 




A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 


exceptions 

The efectron beam-curable resin composiiion 1 was replaced by an electron beam-curable resin composition 13 


having the following composition 




Electron beam-curable resin composition 13 


Component 


Part by weight 


Polyurethane diacrylate of polyester produced from ethytenegfycol and adipic acid and having a 
molecular weight of 2,000 (trademark: EGAA 2000, made by ARAKAWA KAGAKUKOGYO K K:) 


60 


Acryloylmorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


40 
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The test results are shown in Table 1 
Example 14 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curabfe resin composition 14 
having the following composition 



Electron beam-curable resin composition 14 


Component 


Part by weight 


Polyurethane diacrylate of polyester produced from tetramethyleneglycol and adipic acid and 
having a mofecufar weight of 2,000 (trademark; BGAA 2000, made by ARAKAWA 
KAGAKUKOGYO K K ) 

Acryloylmorpholine (Tg = 140*C) (trademark: ACMO, made by K.K. KOJIN) 


60 
40 



The test results are shown in Table 1 . 



Example 15 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 15 
having the following composition. 



Electron beam-curable resin composition 15 


Component 


Part by weight 


Polyurethane diacrylate of pofyester produced from melhyfpentanediol and adipic acid and having 
a molecular weight of 1,000 (trademark: MPAA 1000, made by ARAKAWA KAGAKUKOGYO K K } 
Acryloylmorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


60 
40 



The test results are shown in Table 1. 



E xample 16 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 16 
having the following composition 



Electron beam-curable resin composition 16 


Component 


Part by weight 


Polyurethane diacrylate of polyester produced from hexanediol and adipic acid and having a 
molecular weight of 1,000 (trademark: HGAA 1000, made by ARAKAWA KAGAKUKOGYO K K.) 
Acryloylmorpholine (Tg= 140°C) (trademark: ACMO, made by K.K, KOJIN) 


60 
40 



The test results are shown in Table 1 



Example 17 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curabie resin composition 1 was replaced by an electron beam-curable resin composition 17 
having the following composition 
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Efectron beam-curable resin composition 17 . 


Component 


Part by weight 


Poiyurethane diacrylate of polyester prepared from neopentylglycol and adipic acid and having a 
molecular weight of 1,000 (trademark: NPAA 1000, made by ARAKAWA KAGAKUKOGYO K K } 
Acryloylmorphoiine (Tg = 140°C) (trademark: ACMO, made by K.K, KOJIN) 


60 
40 



The test results are shown in Table 1 



Example 18 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam curabJe resin composition i was replaced by an efectron beam-curable resin composition 1S 
having the following composition 



Electron beam-curable resin composition 18 


Component 


Part by weight 


Poiyurethane diacrylate of polyester produced from neopentylglycol and adipic acid and having a 
molecular weight of 1,000 (trademark: NPAA 1000, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryloylmorphoiine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


75 
25 



The test results are shown in Table 1 



Example 19 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 19 
having the fdNowing composition 



Eiectron beam-curable resin composition 19 


Component 


Part by weight 


Poiyurethane diacrylate of polyester produced from neopentylglycol and adipic acid and having a 
molecular Weight of 1 ,000 (trademark: NPAA 1000, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryloylmorphoiine {Tg = 140°C) (trademark: ACMO, made by K.K. KOJfN) 


25 
75 



The test results are shown in Table 1 



Example 20 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 20 
having the following composition. 



Electron beam-curable resin composition 20 


Component 


Part by weight 


Polyepoxy diacryfateof dime he acid having a molecular weight of about 1 ,000 (trademark: DA1 B, 
made by ARAKAWA KAGAKUKOGYO K.K ) 

Acryloylmorphoiine (Tg - 140*C) (trademark: ACMO, made by K.K. KOJIN) 


50 
50 
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The test results are shown in Table 1 
Example 21 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition I was replaced by an electron beam-curable resin composition 21 
having the following composition 



Electron beam-curable resin composition 21 


Component 


Part by weight 


Polyepoxy diacrylate of dimeric acid having a molecular weight of about 2,000 (trademark: DA7B, 
made by ARAKAWA KAGAKUKOGYO K K ) 

Acryloyimorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


50 
50 


The test results are shown in Table 1 




Example 22 




A composite sheet material was produced and tested by the same procedures as In Example 1 with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam curable resin composition 22 
having the following composition 


Electron beam-curable resin composition 22 


Component 


Part by weight 


Polyurethane diacrylate of dim eric acid having a molecular weight of about 2 S 000 (trademark: DA 
10HB, made by ARAKAWA KAGAKUKOGYO K K ) 

Acryloyimorpholine (tg= 140°C) (trademark: ACMO, made by K.K. KOJIN) 


50 
50 


The test results are shown in Table 1 




Example 23 




A composite sheet materiaf was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 23 
having the following composition 


Electron beam-curable resin composition 23 


Component 


Part by weight 


Polyurethane diacrylate of polytetramethyleneglycol having a molecular weight of 650 (trademark: 
PTMG 650 -U f made by ARAKAWA KAGAKUKOGYO K.K ) 

Dicyclopentanyl acrylate (Tg = 91 °C) (trademark: FA-513A, made by HITACHI KASEI K.K.) 


50 
SO 



The test results are shown in Table 1 



Example 24 

A composite sheet material was produced and tested by the same procedures as in Example i; with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 24 
having the following composition 



24 



EP 0 874 027 A2 



Electron beam-curable resin composition 24 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a moiecular weight of 1,000 (trademark: 
PPG 1000-U, made by ARAKAWA KAGAKUKOGYO K K ) 

Dicyclopentanyi acrylate (Tg = 91 °C) {trademark; FA-513A, made by HITACHI KASEI K.K,) 


50 
50 



The test results are shown in Table 1 



Example 25 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beanvcurable resin composition 25 
having the following composition 



Electron beam-curable resin composition 25 


Component 


Part by weight 


Polyurethane diacrylate of hydrogenated poiybutadienediol having a molecular weight of 1 ,000 
(trademark: TEAI-1000, made by NIHON SODA KK) 

Dicyclopentanyt acrylate (Tg = 91°C) (trademark: FA-513A, made by HITACHI KASEI K.K.) 


50 
50 


The test results are shown in Tabie 1 




Example 26 




A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 26 
having the following composition 


Electron beam-curable resin composition 26 


Component 


Part by weight 


Polyurethane diacrylate of polyofefindiol having a molecular weight of 2,000 (trademark: KU 
51 1 -1 B, made by ARAKAWA KAGAKUKOGYO K K ) 

Dicyclopentanyi acrylate (Tg = 91 & C) (trademark: FA513-A, made by HITACHI KASEf K.K,) 


50 
50 


The test results are shown in Table 1 




Example 27 




A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron bean>curable resin composition 27 
having the following composition 


Electron beam-curable resin composition 27 


Component 


Part by weight 


Polyurethane diacrylate of polyesterpolyol produced from neopentylg?ycol and adipic acid and 
having a molecular weight of 1,000 (trademark: NPAA 1000, made by ARAKAWA 
KAGAKUKOGYO K.K.) 

Dicyclopentanyi acrylate (Tg = 91°C) (trademark: FA513-A, made by HITACHI KASEI K.K.) 


50 
50 
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The test res u Us are shown in Table 1 
Example 28 

A composite sheet material was produced and tested by the same procedures as in Example 1, wtth the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 28 
having the following composition 



Electron beam-curable resin composition 28 


Component 


Part by weight 


Polyurethane diacrylate of polyesterpofyol produced from propyleneglycoi and adiprc acid and 
having a molecular weight of 1,000 (trademark: PGAA 1000, made by ARAKAWA 
KAGAKUKOGYO K K ) 

Dicyclopentanyl acrylate (Tg = 91 °C) (trademark: FA513-A, made by HITACHI KASEI K K.) 


50 
50 



The test results are shown in Table 1 . 



Example 29 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 29 
having the following composition. 



Electron beam-curable resin composition 29 


Component 


Part by weight 


Polyurethane diacrylaie of polypropyleneglycol having a molecular weight of 1,000 (trademark: 
PPG 1000-U made by ARAKAWA KAGAKUKOGYO K K ) 

Cyciohexyl acrylate (Tg = 40°C} (trademark: BJSCOAT #155, made by OSAKA YUKJ K.K.) 


50 
50 



The test results are shown in Table 1 



Example 30 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 30 
having the following composition 



Eiectron beam-curable resin composition 30 


Component 


Part by weight 


Polyurethane di acrylate of polyesterpolyol produced from neopentylglycoi and adipic acid and 
having a molecular weight of 1,000 (trademark: NPAA 1000, made by ARAKAWA 
KAGAKUKOGYO KK.) 

Cyciohexyl acrylate (Tg = 40°C) (trademark: BISCOAT #155, made by OSAKA YUKI K.K.) 


50 
50 



The test results are shown in Table 1 



Example 31 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curabie resin composition 31 



26 



<EP 0874Q27A2J_> 



40 

! 



EP 0 874 027 A2 




having the following composition 




Electron beam-curable resin composition 31 


Component 


Part by weight 


Poiyurethane diacrylate of hydrogenated polybutadienediol having a molecular weight of 1 ,000 
(trademark: TEAI-1000, made by NINON SODA K K } 

Cyclohexyl acrylate (Tg = 40 D C) (trademark; BISCOAT #155, made by OSAKA YUKI K.K.) 


50 
50 


The test results are shown in Table 1 




Example 32 




A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resfn composition 1 was replaced by an electron beam-curabfe resin composition 32 
having the following composition 


Electron beam- curable resin composition 32 


Component 


Part by weight 


Poiyurethane diacrylate of polypropyleneglycol having a molecular weight of 1 3 000 (trademark: 

PPG 1000-U, made by AHAKAWA KAGAKUKOGYO K K ) 

lesr butyl acrylate (Tg = 41 <> C) (trademark: TBA, made by OSAKA YUKI K.K.) 


50 
50 


The test results are shown in Table 1 




Example 33 




A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 33 
having the following composition. 


Electron beam^curable resin composition 33 


Component 


Part by weight 


Poiyurethane diacrylate of polyesterpolyol produced from neopentylglycol and adipb acid and 
having a molecular weight of 1 000 (trademark: NPAA 1000, made by ARAKAWA 
KAGAKUKOGYO K K J 

test-butyl acrylate (Tg = 41 D C) (trademark: TBA, made by OSAKA YUKI K.K.) 


50 
50 ■ 



The test results are shown in Table 1 : 

45 

Example 34 

A composite sheet material was produced and tested by the sarrie procedures as in Example 1 1 with the following 
exceptions 

50 jhe electron beam-curable resin composition 1 was replaced by ah electron beam-curable resin composition 34 

having the following composition 



Electron beam-curable resin composition 34 . 


Component 


Part by weight 


Poiyurethane diacrylate of hydrogenated polybutadienediol having a molecular weight of 1 ,000 
(trademark: TEAM 000, made by NIHON SODA K.K.) 


50 
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(continued) 



Electron beam-curable resin composition 34 


Component 


Part by weight 


test-butyl acrylate {Tg = 41 °G) (trademark: TBA, made by OSAKA YUKI KX.) 


50 



The test results are shown m Table 1 



10 Example 35 

A composite sheet material was produced and tested by the same procedures as in Example 1 with the following 
exceptions . 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 35 
is having the following composition 



Electron beam-curable resin composition 35 


Component 


Part by weight 


Polyurethane diacrylate of polyp ropy leneglycol having a molecu/ar weight of 700 (trademark; PPG 
700-U made by ARAKAWA K AG AKUKOG YO K.K.) 

N-acryloyioxy ethyl hexahydrophthalirnide (Tg = 39°C) (trademark: AronixTO-1429, made by IDA 
GOSEI KX) 


50 
50 



The test results are shown in Table 1 



Example 36 

A composite sheet material was produced and tested by the same procedures as in Example 1 with the following 
exceptions . 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 36 
having the following composition 



Electron beam-curable resin composition 36 


Component 


Part by weight 


Polyurethane diacrylate of poiyesterpolyol produced from neopentylglycof and adipic acid and 
having a molecular weight of 1 ,000 (trademark: NPAA 1000, made by ARAKAWA 
KAGAKUKOGYO K K.) 

N -aery loyloxy ethyl ftexahydrophthaNmide (Tg = 39°C) (trademark: ArbnixTO-1429, made by TOA 
GOSEI K.K ) 


50 
50 



The test results are shown in Table 1 



Example 37 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 37 
having the following composition 



Electron beam-curable resin composition 37 


Component 


Part by weight 


Polyepoxy diacryfate of dinner acid having a molecular weight of about 2,000 (trademark: DA7B, 
made by ARAKAWA KAGAKUKOGYO K.K.) 


50 
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(continued) 



Electron beam-curable resin composition 37 


Component 


Part by weight 


N-acryloyloxysthyJhexahydrophthalimide (Tg = 39*0) (trademark: Aronix T01429, made by TO A 
GOSEI K.K.) 


50 



The test results are shown in Table 1 
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Table 1 





I t en 


i Gloss 


j Softness 


5 


Example No . 






I Crack- 
resistance 
upon bending 


Ultimate 
elongation 

(*> 






1 


92 


3 


95 


10 




2 


97 


3 


60 






3 


90 


4 


135 






4 


92 


4 


150 






5 


90 


4 


220 


16 




6 


85 


4 


230 






7 


89 


4 


105 






8 


92 


4 


150 






9 


95 


4 


220 


20 




10 


90 


4 


220 






11 


93 


4 


120 






12 


92 


4 


145 






13 


91 


4 


145 


25 




14 


91 


4 


160 






15 


93 


4 


175 






16 


92 


4 


200 






17 


91 


4 


190 


QO 




18 


90 


4 


155 i 




Example 


19 


95 


4 


180 






20 


90 


4 


105 






21 


88 


4 


155 


35 




22 


85 


4 


165 






23 


. 86 


4 


150 






24 


86 


4 


175 






25 


82 


4 


150 


40 




26 


86 


4 


130 






27 


84 


4 


155 






28 


80 


4 


125 






29 


84 


4 


120 


45 




30 


84 


4 


140 






31 


82 


4 


120 






32 


82 


4 


120 






33 


84 


4 


130 


50 




34 


80 


4 


110 






35 


88 


4 


150 






36 


88 


4 


175 






37 


84 


4 


140 



55 
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Example 38 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition I was replaced by an electron beam-curable resin composition 38 
having the f of lowing composition 



Electron beam-curable resin composition 38 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a molecufar weight of 1,000 (trademark: 
PPG 1000-U, made by ARAKAWA KAGAKUKOGYO K K ) 

p-CumylphenoJ EO-modified acrylate (Tg - 35 a C) (trademark: Aronix T0 1210, made by TOA 
GOSEI K.K.) 


50 
50 



10 



15 



'20 



The test results are shown in Table 2 
Example 39 

A composite sheet materiaf was produced and tested by the same procedures as in Example 1, with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 39 
having the following composition 



25 


Electron beam-curable resin composition 39 




Component 


Part by weight 


30 \ 


Polyurethane diacrylate of potyesterpolyol produced from neopentylglycoi and adipic acid and 
having a molecular weight of 1 r 000 (trademark: NPAA 1000, made by ARAKAWA 
KAGAKUKOGYO KK.) 


50 




p«Cumylphenol EO-modified acrylate (-Tg = 35°C) (trademark: Aronix TO-1210, made by TOA 
GOSEI K.K.) 


50 


35 


The test results are shown in Table 2 





Example 40 



A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The efectron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 40 





having the following composition. 






Electron beam-curable resin composition 40 


45 


Component 


Part by weight 


50 


Polyurethane diacrylate of hydrogenated poiybutadienediol having a molecular weight of 1,000 
(trademark: TEAM000, made by NIHOIM SODA K K ) 

p-Cumylphenol EO-modified acrylate (Tg = 35*C) (trademark: Aronix TO-1210, made by TOA 
GOSEI K.K.) 


50 
50 




The test results are shown in Table 2. 





55 



Example 41 

A composite shee? material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions . 

The electron beam-curabie resin composition 1 was replaced by an electron beam-curable resin composition 41 
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having the following composition 



Electron beam-curable resin composition 41 


Component 


Part by weight 


Polyurethane diacryiate of polypropyleneglycol having a molecular weight of 1,000 (trademark: 
PPG 1000-U, made by ARAKAWA KAGAKUKOGYO K.K.) 

2-acryloyloxypropy! hydrogen phthalate (Tg = 158"C) (trademark: SIS COAT #2100, made by 
OSAKA YUKI K.K.) 


50 
50 



The test results are shown in Table 2 



Example 42 

A composite sheet materia] was produced and tested by the same procedures as in Example 1 , with the foliowing 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 42 
having the following composition 



Electron beam-curable resin composition 42 


Component 


Part by weight 


Polyurethane diacryiate of poiyesterpolyol produced from neopentylgfycol and adipic acid and 
having a molecular weight of 1 ,000 (trademark: NPAA 1 000 ? made by ARAKAWA 
KAGAKUKOGYO K.K ) 

2-acryloyloxypropyj hydrogen phthafate (Tg = ISS^C) (trademark: BISCOAT #2100, made by 
OSAKA YUK! K.K.) 


50 
50 



The test results are shown in Table 2 



Example 43 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composiiion 43 
having the following composition 



Electron beam-curable resin composition 43 


Component 


Part by weight 


Polyurethane dtacrylate of polypropy/eneglycoi having a molecular weight of 1 ,000 (trademark: 
PPG 1000-U, made by ARAKAWA KAGAKUKOGYO K.K ) 

N-vinyl-2Tpyrrolidone (Tg = 135°C) (trademark: V-Pyrol, made by iSP) . \ 


50 
50 



The test results are shown in Table 2 



Example 44 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 44 
having the following composition 
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Electron beam-curable resin composition 44 


Component 


Part by weight 


Polyurethane diacrylate of polyesterpolyoi produced from neopentylglyco/ and adipic acid and 
having a molecular weight of 1 ,000 (trademark: NPAA 1000, made by ARAKAWA 
KAGAKUKOGYO KK) 

N-vinyl-2-pyrrolidone (Tg = 135°C) (trademark: V-Pyrol, made by ISP) 


50 
50 



The test results are shown in Table 2 



Example 45 

A composite sheet materia] was produced and tested by the same procedures as in Example 1 , with the folfowing 
exceptions 

The electron beam-curable resjn composition 1 was replaced by an electron beam-curable resin composition 45 
having the following composition 



Electron beam-curable resin composition 45 


Component 


Part by weight 


Polyepoxy diacrylate of dimeric acid having a molecular weight of about 2,000 (trademark: DA7B 
made by ARAKAWA KAGAKUKOGYO K K ) 

N-vinyl-2-pyrrolidone (Tg = 135°C) (trademark; V-Pyrol, made by ISP} 


50 
50 



The test results are shown in Table 2 



Example 46 

A composite sheet materia? was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resm composition 46 
having the following composition 



Electron beam-curable resin composition 46 


Component 


Part by weight 


Polyurethane diacryfateof polypropyleneglycof having a molecular weight of 700 (trademark: PPG 
700-U, made by ARAKAWA KAGAKUKOGYO K K) 
N'-vinyl-e-caprolactam (Tg - 85° c) (trademark: V-Gap, made by ISP) 


50 
50 



The test resufts are shown in Table 2 



Example 47 

A composite sheet materia! was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an efectron beam-curable resin composition 47 
having the following composition 



Electron beam-curable resin composition 47 


Component 


Part by weight 


Polyurethane diacrylatB of potyesterpoiyol produced from neopentylglyco! and adipic acid and 
having a molecular weight of 1 ,000 (trademark: NPAA 1000, made by ARAKAWA 
KAGAKUKOGYO KX.) 


50 
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(continued) 



Electron beam-curable resin composition 47 


Component 


Part by weight 


N-vinyl-e-caprolactam (Tg= 85°C) (trademark; V-Cap, made by ISP) 


50 



The test results are shown in Table 2 



Example 48 

A composite sheet material was produced and tested by the same procedures as in Exahnpie 1, with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 48 
having the following composition 



Electron beam-curable resin composition 48 


Component 


Part by weight 


Polyepoxy diacrylate of dimeric add having a molecular weight of about 2 000 (trademark: DA7B, 
made by ARAKAWA KAGAKUKOGYO K K ) 

N-vinyl-e-caprolactam (Tg- 85°C) (trademark: V-Cap, made by ISP) 


50 
50 



The test results are shown in Table 2 



Example 49 

A composite sheet material was produced and tested by the same procedures as in Example 1 with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 49 
having the following composition 



Electron beam-curable resin composition 49 


Component 


Part by weight 


Pplyurethane diacryiate of polyprcpyleneglycol having a molecular weight of 1,000 (trademark: 
PPG 1000-U, made by ARAKAWA KAGAKUKOGYO K.K ) 

P.oiyurethane diacrylate of polypropyleneglycol having a molecular weight of 4,200 (trademark: 
CJ-11-3, made by NIHON KASEI K K.) 

Acryloylmorpholine (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


25 
25 
50 



The test results are shown in Table 2 



Example 50 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition I was replaced by an electron beam-curable resin composition 50 
having the following composition. 



Electron beam-curable resin composition 50 


Component 


Part by weight 


Polyurethane diacrylate of polytetramethylenegtycol having a molecular weight of 650 (trademark: 
PTMG 650-U, made by ARAKAWA KAGAKUKOGYO K.K ) 

Polyurethane diacrylate of polypropyJeneglycol having a molecuiar weight of 2,000 (trademark: 
PPG 2,000-U, made by ARAKAWA KAGAKUKOGYO K,K.) 


20 
40 
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(continued) 



Electron beam-curable resin composition 50 


Component 


Part by weight 


Acryloylmorpholjne (Tg = 140*C) (trademark: ACMO, made by K.K. KOJIN) 


40 



The test resufts are shown in Tabfe 2 



Example 51 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 51 
having the following composition 



Electron beam-curable resin composition 51 


Component 


Part by weight 


Polyurethane diacrylate of polyester produced from propylenegJycol and adipic acid and having a 
molecular weight of 1,000 (trademark; PGAA 1000 made by ARAKAWA KAGAKUKOGYO K K ) 
Polyurethane diacrylate of polyester prepared from neopentylglycol and adipic acid and having a 
molecular weight of 1 ,000 (trademark: MPAA-1000, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryloylmorpholjne (Tg = 140°C) (trademark: ACMO, made by K.K. KOJIN) 


SO 
SO 
40 



The test resurts are shown in Table 2 



Example 52 

A composite sheet material was produced and tested by the same procedures as in Example 1 with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 52 
having the following composition 



Electron beam-curable resin composition 52 


Component 


Part by weight 


Polyurethane diacrylate of polypropyleneglycol having a molecular weight of 7O0 (trademark: PPG 
700-U, made by ARAKAWA KAGAKUKOGYO K.K ) 

Polyurethane diacrylate of polyester prepared from neopentyigryco? and adipic acid and having a 
molecular weight of 1,000 (trademark: NPAA 1000, made by ARAKAWA KAGAKUKOGYO K.K.) 
p-Cumylphenol EO-modified acrylate (Tg = 35°C) (trademark: Aronix TO-1210 made by TOA 
GOSEI K.KJ The test results are shown in Table 2. 


25 
25 
50 



Example 53 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 53 
having the following composition 



Electron beam-curable resin composition 53 


Component 


Part by weight 


Polyurethane diacrylate of polyester prepared from neopentylglycol and adipic acid and having a 
molecular weight of 1,000 (trademark: NPAA 1000, made by ARAKAWA KAGAKUKOGYO K.K.) 


25 



35 
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(continued) 






Electron beam-curable resin composition 53 


5 


Component 


Part by weight 




Poiyurethane diacrylate of hydrogenated polybutadienediol having a molecular weight of 1,000 
(trademark: TEAJ-1000, made by NIHON SODA KK) 

Dicydopentanyl acrylate (Tg = 91°C) (trademark: FA513-A, made by HITACHI KASEI K K ) 


25 
50 


10 


The test results are shown in Table 2 
Example 54 




15 


A composite sheet materraf was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 54 
having the following composition. 


20 


Electron beam-curable resin composition 54 


Component 


Part by weight 


25 


Poiyurethane diacrylate of polypropyleneglycol having a. molecular weight of 1 ,000 (trademark: 
PPG 1000-U, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryloylmorpholine (Tg - -I40°C) (trademark: ACMO, made by K K KOJIN) 
Dicydopentanyl acrylate (Tg = 91 °C) (trademark: FA-513A, made by HITACHI KASEI KK.) 


50 

25 
25 



The test results are shown in Table 2 



Example 55 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 55 
having the following composition 



Electron beam-curable resin composition 55 


Component 


Part by weight' 


Poiyurethane diacry/aie of polyester prepared from neopeniyi glycol and adipic acid and having a 
molecular weight of 1,000 (trademark: NPAA-1000 made by ARAKAWA KAGAKUKOGYO K K.) 
Acryfoylmorphofine (Tg ^ 140 6 C) (trademark: ACMO, made by K K. KOJIN) 
N -aery Joy foxyethyf hexahydrophthalimide (Tg = 39*C) (trademark: Aron fx TO-1 429, made byTOA 
GOSEI K.K.) 


60 

20 
20 


The test results are shown in Table 2 



Example 56 

so A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 

exceptions 

The electron beam-curable resin composition I was rep/aced by an electron beam-curable resin composition 56 
having the following composition 
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Electron beam-curable resin composition 56 


Component 


Part by weight 


Polyurethane diacryiate of hydrogenated polybutadienediol having a molecular weight of 1 ,000 
(trademark: TEA1-1000, made by NIHON SODA KK) 

Dteyclopentanyl acrylate (Tg - 91°C) (trademark: FA-513A, made by HITACHI KASEJ K K ) 
Cyclohexyf acrylate (Tg = 40°C) (trademark: BISCOAT #155, made by OSAKA YUKI K.K.) 


50 

25 
25 



The test results are shown in Table 2 



Example 57 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 57 
having the following composition 



Electron beam-curable resin composition 57 


Component 


Part by weight 


Polyurethane diacryiate of polytetramethyieneglycol having a molecular weight of 650 (trademark: 
PTMG 850- U, made by ARAKAWA KAGAKUKOGYO K K ) 

Polyurethane diacryiate of polypropylenegfycol having a molecular weight of 2,000 (trademark: 
PPG 2000-U, made by ARAKAWA KAGAKUKOGYO K K ) 
Acryfoyimorpholine (Tg = 140°C) (trademark: ACMO, made by K K KOJIN) 
Calcium carbonate (trademark: TP-121MC, made by OKUTAMA KOGYO K.K,) 


14 

28 

28 
30 



The test results are shown in Table 2 



Comparative Example 1 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 53 
having the following composition 



Electron beam-curable resin composition 58 


Component 


Part by weight 


Polyurethane diacryiate of polypropyleneglycol having a molecular weight of 2,100 (trademark: 
PPG 2000-U, made by ARAKAWA KAGAKUKOGYO K K ) 

MethoxytriethyienegEycol acrylate (Tg = -50° C) (trademark: New FRONTIER ME -3, made by 
DAI I CHI KOGYO SEIYAKU K.K.) 


50 
50 



The test results are shown in Table 2 



Comparative Example 2 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions. 

The electron beam-curable resin composition I was replaced by an electron beam-curable resin composition 59 
having the following composition 
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Electron beam -curable resin composition 59 




Component 


Part by weight 


5 


PoJyurethane diacrylate of polyester prepared from propyl eneglycol and adipic acid and having a 
molecular weight of 1,000 (trademark: PGAA-1000, made by ARAKAWA KAGAKUKOGYO K K ) 
Phenoxypolyethyienegfycol acrylate (Tg = -8°C) (trademark: LIGHT ACRYLATE P-200A, made 
by KYOEISHA KAGAKU K.K.) 


50 
50 


10 


The test results are shown in Table 2 





Comparative Example 3 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curabfe resin composition 1 was replaced by an electron beam-curable resin composition 60 
havrng the following composition 



Electron bearn-curabfe resin composition 60 


Component 


Part by weight 


Poiyurelhane diacrylate of hydrogenated polybutadjenediol having a molecular weight of 1 000 

(trademark TEAI-1000, made by NIHON SODA K K.) 

Lauryl acrylate (Tg = 15°C) (trademark: LA, made by OSAKA YUKI K.K.) 


50 
50 



20 



25 



30 



The iesl results are shown in Table 2 
_Comparative Example 4 

A composiie sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition \ was replaced by an electron beam-curable resin composition 61 



35 


having the following composition 




Electron beam-curable resin composition 61 




Component 


Part by weight 


40 


Polyepoxy diacrylate of dimeric acid having a molecular weight of about 2,000 (trademark: DA7B, 
made by ARAKAWA KAGAKUKOGYO K.K ) 

Nonylphenol EO 'modified- acrylate (Tg = 17°C) (trademark: Aronix M-NI, made by TOA GOSEI K 
K.) 


50 
50 




The test results are shown in Table 2 
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50 



55 



Comparative Example 5 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam -curable resin composition I was replaced by an electron beam-curable resin composition 62 
having the following composition 



Electron beam-curable resin composition 62 


Component 


Part by weight 


Poiyurethane diacrylate of polyester prepared from neopentylglycol and adipic acid and having a 
molecular weight of 1 ,000 (trademark: NPAA 1 000, made by ARAKAWA KAGAKUKOGYO K.K.) 


50 
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(continued) 



Electron beam-curable resin composition 62 j 


Component 


Part by weight 


Trrpropyleneglycol diacryfate (Tg = 90°C) (trademark: M-220, made by TOA GOSE! K.K.) 


50 



The test results are shown in Table 2 

10 Comparative Example 6 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 63 
75 having the following composition 



Electron beam-curabie resin composition 63 


Component 


Part by weight 


Polyurethane diacryfate of polypropyleneglycol having a molecular weight of 2,100 (trademark: 
PPG2000-U made by ARAKAWA KAGAKUKOGYO KK) 

Tnrnethyloipropane triacrylate (Tg > 250°C) (trademark: M-309, made by TOA GOSEI K K.) 


50 
50 



The test results are shown in Table 2 

25 

Comparative Example 7 

A composite sheet material was produced and tested by the same procedures as in Example 1 f with the following 
exceptions 

*° The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 64 

having the following composition 



Electron beam-curable resin composition 64 


Component 


Part by weight 


Polyester tetraacrylate for wide use (trademark: EB810, made by DAICEL UCB KK) 
Acryloy/morpholine (Tg = 140°C) (trademark: ACMO, made by KOJIN) 


50 
50 



The test results are shown in Table 2 



Comparative Example 8 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 55 
having the following composition. 



Electron beam-curable resin composition 65 


Component 


Part by weight 


Poiyurethane hexaacrylate of hardened castor oil having a molecular weight o1 1 ,000 (trademark: 
HIHA made by ARAKAWA KAGAKUKOGYO K K ) 

pvcurnylphenol EO-modified acrylate {Tg - 35°C) (trademark: Aronix To-1 210, made by TOA 
GOSE! K,K.) 


50 
50 



The test res uits are shown in Table 2 
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Comparative Example 9 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curabfe resin composition 66 
having the foif owing composition 



Electron beam-curable resin composition 66 


Component 


Part by weight 


Poiyurethane hexaacryiate of polyolefjndioi naving a molecular weigh! of 2 000 (trademark; KU 
51 1-1 3D, made by ARAKAWA KAGAKUKOGYO K K ) 

Dicyclopentenyl acrylate (Tg = 91°C) (trademark: FA-513A, made by HITACHI KASEJ K.K ) 


50 
50 



Test results are shown in Table 2 



Comparative Example 10 

A composite sheet material was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

Trie electron beam-curable resin composition 1 was replaced by an eJectron beam-curable resin composition 67 
having the following composition 



Electron beam-curabie resin composition 67 


Component 


Part by weight 


Poiyurethane hexaacrylate of polypropy I eneglyco! having a molecu far weight of 2,000 (trademark: 
KUP 2001 , made by ARAKAWA KAGAKUKOGYO K K ) 
N-vinylpyrroiidone (Tg ~ 135°C) (trademark: V-Pyrol, made by ISP) 


50 
50 



The test results are shown in Table 2. 



Comparative Example 7 1 

A composite sheet material was produced and tested by the same procedures as rn Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was repfaced by an electron beam-curable resin composrtion 68 
having the following composition 



Electron beam-curable resin composition 68 


Component 


Part by weight 


Polyester tetraacryiate for wide use (trademark: EB810, made by DAJCEL UCB K K .) 
Methoxytriethyleneg^ycol acrylate (Tg = -50°C) (trademark: NEW FRONTIER ME-3 made by 
DAIfCHI KOGYOSEIYAKU K.K.) 


50 
50 



The test results are shown in TabJe 2 



Comparative Exampie 1 2 

A composite sheet materia? was produced and tested by the same procedures as in Example 1 , with the following 
exceptions . 

The electron beam-curable resin composition I was replaced by an electron beam-curable resin composition 69 
having the following composition 
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Electron beam-curable resin composition 69 


Component 


Part by weight 


Polyurethane hexaacryJate of polypropylenegiycof having a molecular weight of 2,000 (trademark: 
KUP 2001 , made by ARAKAWA KAGAKUKOGYO KK) 

Phenoxypoiyethyleneglycol acryfate(Tg- -8°C) (trademark: LIGHT ACRYLATE P-200A, made by 
KYOEJSHA KAGAKU K.K.) 


50 
50 



The test results are shown in Table 2 



Comparative Example 1 3 

A composite sheet material was produced and tested by the same procedures as in Example 1, with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron bearn-curabie resin composition 70 
having the following composition 



20 



Electron beam-curabfe resin composition 70 


Component 


Pari by weight 


Polyurethane hexaacrylate of polyofefindiol having a molecular weight 2,000 (trademark: KU 

511-1 3D, made by ARAKAWA KAGAKUKOGYO K K ) 

Lauryf acryiate (Tg = 15°C) (trademark: LA, made by OSAKA YUKI K.K.) 


50 
50 



The test results are shown in Table 2 



Comparative Example 14 

so 

A composite sheet materiaJ was produced and tested by the same procedures as in Example 1 , with the following 
exceptions 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 71 
having the following composition 



r 



Electron beam-curable resin composition 71 


Component 


Part by weight 


Polyurethane hexaacrylate of pofypropylenegiycol havrng a molecular weight of 2,000 (trademark; 
KUP 2001 , made by ARAKAWA KAGAKUKOGYO K.K) 

Tripropylenegfycol diacrylate (Tg = 90°C) (trademark: M-220, made by TOA GOSEI K.K.) 


50 
50 



The test results are shown in Table 2 



45 Comparative Example 15 

A composite sheet materiaf was produced and tested by the same procedures as in Example 1, with the following 
exceptions. 

The electron beam-curable resin composition 1 was replaced by an electron beam-curable resin composition 72 
50 having the following composition 



Electron beam-curable resin composition 72 


Component 


Part by weight 


Polyester tetraacrylate for wide use (trademark: EB810, made by DAICEL UCB K K ) 
Trimethylolpropane triacrylate (Tg > 250°C) (trademark: M-309, made by TOA GOSEI K/K,) 


50 
50 
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The test results are shown in Table 2 
Comparative Example 16 

5 A cast coated paper sheet having a basis weight of 128 g/m 2 (trademark: MIRROR COAT GOLD, made by OJI 

PAPER CO, LTD ) was subjected to the same measurements (1) and (2) as in Example 1 
The cast coating surface of the paper sheet was tested 
The test results are shown in Table 2 

w 

15 
20 
25 
30 
35 
40 
45 
50 
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Table 2 



I ten 


i Gloss 


Softness 






Crack- 


j Ultimate 


Example No. 






re siSLa nc e 
upon bending 






38 


84 


4 


105 




39 


84 


4 


120 




40 


82 


4 


110 




41 


88 


4 


155 




42 


90 


4 


180 




43 


86 


4 


150 




44 


88 


4 


180 




45 


82 


4 


120 




46 


88 


4 


140 


Example 


47 


88 


4 


165 


48 


82 


4 


120 




49 


88 


4 


150 




50 


92 


4 


175 




51 


93 


4 


130 




52 


90 


4 


110 




53 


88 


4 


110 




54 


86 


4 


120 




55 


88 


4 


130 




56 


85 


4 


110 




57 


87 


4 : 


145 




1 


80 


1 


25 




2 


78 


1 


<20 




3 


72 


1 


30 




4 


82 


i 


<20 




5 


82 


i 


<20 




6 


86 


i 


<20 




7 


92 


i 


20 


Comparative 


8 


94 


i 


<20 


Example 


9 


90 


i 


<20 




10 


85 


i 


<20 




11 


90 


i 


<20 




12 


92 


l 


<20 ! 




13 


85 


l 


' <2 0 




14 


82 


i 


<20 




15 


82 


i 


<20 




16 


67 


3 
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Tables 1 and 2 clearly show that the composite sheet materials of the present invention include electron beam- 
cured resin fifm having an ultimate elongation of 50% or more, a high softness and a white paper gloss, as shown in 
Examples 1 to 57 

lr> comparison with those, in the preparation of the electron beam-curable resin composition, when a mono-func- 
tional, electron beam-curable organic compound, which is converted to a homopolymer having a glass transition tem- 
perature (Tg) less than 20°C, is contained in the electron beam-curabfe resin composition, for example, in Comparative 
Examples 1 to 4; or when a mufti-functional, electron beam-curable organic compound Is used in place of the mono- 
functional compound as shown in Comparative Examples 5 and 6; or when atri, or more, functional (meth)acrylate Is 
used in place of thedi(meth)acrylate, as shown in Comparative Examples 7 to 10; or when the mono -functional, electron 
beam-curable organic compound which can be converted to a homopolymer having a Tg of 20° C or more and is usable 
for the present invention is not employed and also, the di(meth)acrylate usable for the present invention is not used, 
as shown fn Comparative Examples 11 to 15, the resultant composite sheet materials were provided with electron 
beam-cured resin coating iayers having an ultimate elongation extremely lower than 100%, and thus exhibited a poor 
softness and could not be employed for practice Also, the conventional cast coated paper sheet of Comparative Ex- 
ample 16 exhibited a very low white sheet gioss 

E xample 58 



A composite sheet material provided with an electron beam-cured resin composite coating layer having a mufti 
layered laminate structure and exhibiting an excellent softness was produced by the following procedures 



Electron beam -curable resin composition 73 (for forming an outermost resin coating layer) 


Component 


Part by weight 


Electron beam-curable unsaturated organic compound comprising as a main component, di- 
functionaf urethane-modified pofyether aery late (trademark: KU 511-23B, made by ARAKAWA 
KAGAKUKOGYO K K.) 

2-butyl-2-ethylpropanediol diacrylate (trademark: KU-C9A, made by ARAKAWA KAG AKUKOGYO 
K.K.) 


65 
50 



The above-mentioned components were placed in a Caules dissoiyer and mixed and dispersed at 2,000 rpm for 
20 minutes, to prepare an electron beam-curable resin composition 73. 

An electron beam-curable resin composition having the same composition as of the electron beamoumble resin 
composition 3 mentioned in Example 3 was used for forming an inside resin coating layer 



Production of composite sheet material 

The electron beam-curable resin composition 73 was coated on a surface of a coating base consisting of a poiy ester 
film having a thickness of 75 ujn, by using a Mayer bar, to form an outermost coating liquid layer corresponding to an 
outermost cured resin coating layer having a weight of 5 g/m 2 Separately, the resin composition 3 was coated on a 
surface of a support sheet consisting of a coated paper sheet {trademark: OK TOPCOAT DUL, made by OJl PAPER 
LTQ ) having a basis weight of 1 28 g/m 2 , by using a Mayer bar, to form an inside coating liquid layer corresponding to 
an inside cured resin coating layer having a weight of 10 g/m 2 

The outermost coating liquid layer and the inside coating liquid layer directly faced each other and were superposed 
on each other to provide a superposed article Then an electron beam was irradiated toward the outermost and inside 
coating liquid layers through the polyester film layer under an acceleration voltage of 1 75 kV at an absorption dose of 
3 Mrad in a nitrogen gas atmosphere containing 500 ppm or less of oxygen The outermost and inside coaling liquid 
layers were cured and firmly bonded to each other and to the support sheet, to form a composite sheet material Then 
the polyester film was removed from the outermost cured resin coating layer The resultant composite sheet material 
had a multilayered electron beam-cured resin coating layer 

Tests 

Measurement of softness of composite sheet material 

A sample of the composite sheet material is bent at a bending angle of 180 degrees in such a manner that the 
resin coating layer forms an outermost surface of the bent composite sheet material sample The degree of cracking 
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created in the bent resin coating layer was observed and evaluated by the naked eye The test results were evaluated 
as follows 



Class 


Degree of cracking 


3 
2 
1 


No crack was formed in the resin coating iayer 

A small number of cracks were formed in the resin coating layer 

The resin coating layer was completely broken. 



10 in class 2 or 3 the resultant composite sheet material is usable for practice However the resultant composite 

sheet material evaluated in class 1 is not suitable for practice 
The test results are shown in Table 3 

Example 59 

15 

A composite sheet materiaJ was produced and tesied by the same procedures as in Example 58, with the following 
exceptions. 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 
beam-curable resin composition 5 mentioned in Example 5 
?o The test results of the resultant composite sheet material are shown in Table 3 

Example SO 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
25 exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by trie electron 
beam-curable resin composition 21 mentioned in Exampfe 21 

The test results of the resultant composite sheet material are shown in Table 3 

30 Example 61 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 
35 beam-curable resin composition 25 mentioned in Example 25 

The test results of the resuftant composite sheet material are shown in Table 3. 

Example 62 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating iayer was replaced by the electron 
beam-curable, resin composition 36 mentioned in Example 36 

The test results of the resultant composite sheet material are shown in Table 3 

Example 63 

A composite sheet materia] was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

50 The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 

beam-curabie resin composition 49 mentioned in Example 49 

The test results of the resultant composite sheet material are shown in Table 3 

Example 64 

55 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 
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beam-curable resin composition 55 mentioned in Example 55 

The test results of 1he resultant composite sheet material are shown in Table 3 

Comparative Example 17 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 
beam-curable resm composition 58 mentioned ir> Comparative Example 1 

The test results of the resultant composite sheet material are shown in Table 3 

Comparative Example 18 

A composite sheet mater fai was produced and tested by the same procedures as in Example 58, with the following 
exceptions. 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 
beam-curable resin composition 59 mentioned in Comparative Example 2 

The test results of the resultant composite sheet material are shown in Table 3 

Comparative Example 1 9 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 
beam-curable resin composition 62 mentioned in Comparative Example 5 

The test results of the resuttant composite sheet material are shown in Table 3 

Comparative Example 20 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the efectron 
beam-curable resin composition 64 mentioned in Comparative Example 4 

The test results of the resultant composite sheet material are shown in Table 3 

Comparat i ve Example 21 

A composite sheet material was produced and tested by the same procedures as in Example 58 with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the efectron 
beam- curable resin composition 65 mentioned in Comparative Example 9 

The test results of the resultant composite sheet material are shown in Table 3 

Comparative Example 22 

A composite sheet material was produced and tested by the same procedures as in Example 58, with the following 
exceptions 

The electron beam-curable resin composition 3 for the inside resin coating layer was replaced by the electron 
beam-curable resin composition 70 mentioned in Comparative Example 13 

The test results of the resultant composite sheet material are shown in Table 3 

Comparative Example 23 

A composite sheet material was produced and tested by the same procedures as in Example 58 with the following 
exceptions. 

The electron beam-curabte resin composition 3 for the inside resin coating layer was replaced by the electron 
beam-curable resin composition 72 mentioned in Comparative Example 15 

The test results of the resultant composite sheet material are shown in Table 3. 
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Table 3 





Softness 


Crack-resistance of composite sheet material 


Example 


58 


2 


oy 


3 


ou 


3 


61 


3 


62 


3 


63 


3 


64 


3 


Comparative Example 


17 




18 




19 




20 




21 




22 




23 





As Table 3 clearly shows . the composite sheet materials in accordance with the present invention having an electron 
beam-cured resin coating layer having a multi-layered structure and containing an inside resin coating layer consisting 
of from an electron beam -cured resin exhibited, as a whole, a high softness and thus even when the composite sheet 

30 materia! is bent, no crack was created in the resin coating layer as shown in Examples 58 to 64. Therefore, the composite 
sheet material is useful for practice 

Compared with these, in the preparation of the electron beam-curable resin composition for the inside resin coating 
layer, when a mono-functional, e\ect ron beam-curable organic compound which fs converted to a homopolymer having 
a Tg of less than 20° C is employed in place of the organic compound usable for the present invention as shown in 

35 Comparative Examples 17 and 1B; or when a multi-functional electron beam-curable organic compound is employed 
in place of the mono-functional, electron beam-curable organic compound as shown in Comparative Example 19; or 
when a tri-, or more, (meth)acrylate is employed in place of tine di(meth)acrylate, as shown in Comparative Examples 
20 and 21); or when both the mono-functional, electron beam-curable organic compound which is converted to a 
homopolymer having a Tg of 20°c or more and the di(meth)acrylate were not employed, as shown in Comparative 

fo Examples 22 and 23), the resultant electron beam-cured resin coating layer exhibit an unsatisfactory softness, and 
thus the resultant composite sheet material exhibits, as a whole, a tow softness Also when the resultant composite 
sheet materia! is bent, the bent resin coating layer Is cracked and exhibit an unsatisfactory appearance Therefore, the 
resultant comparative composite sheet materials were not suitable for practice 

The electron beam-curable resin composition of the present invention can be cured by an electron beam irradiation 

45 and forms a cured resin film having a high softness and a high resistance to cracking or splitting upon bending 

In the composite sheet material of the present invention, an electron beam-curable rein coating layer consisting 
of a resin film formed from the electron beam-curable resin composition by an electron beam irradiation, is formed on 
at least one surface of a support sheet Therefore, the composite sheet material of the present invention exhibits, as 
a whole, an excellent softness, and even when the composite sheet material is bent, no crack is created in the bent 

so resin coating layer Also, the composite sheet material has a high white sheet gloss Therefore, !he composite sheet 
material of the present invention is useful for wide practice 

Also, in accordance with the present invention, an -electron beam-cured resin coating layer or film having an ultimate 
elongation of 1 00% or more can be produced This feature of the present invention is very important to provide a soft 
composite sheet material. Further, since the composite sheet material of the present invention has a high white sheet 

55 gtoss and an excellent softness, the composite sheet material is useful as a support sheet for packaging materials and 
printing materials 



47 



EP 0 874 027 A2 

Claims 

1 An electron beam-curable resin composition comprismg a first component comprising at least one mono-functional, 
electron beam-curable organic compound exhibiting, when polymerized into a homopolymer, a glass-transition 
temperature of 20° C or more, and a second component comprising at least one di(meth)acrylate compound 

2., The electron beam-curable resjn composition as claimed in claim 1, wherein the mono-functional, electron beam- 
curabJe organic compound-containing first component comprises at least one member selected from the class 
consisting of: 

(1 ) acryioylmorpholine; 

(2) (meth)acrylates 

a tricyclop^J ,0 2 e ] decane structure and having represented by the general formula (1): 



(M)AO 




wherein (M)A represents a (meth)acryloyl group; 

(3) cycJoalkyl mono(meth)acryiates represented by the general formuia (2): 




wherein R 7 represents a member selected from the ciass consisting of a hydrogen atom, and methyl, tert- 
butyJ and cyclohexyl groups, and M(A) represents a (meth)acryloyl group; 

(4) tert-afcohol mono-(metn)acrylates represented by the general formula (3): 

R 9 

8 I 

R — C — 0(M)A (3) 
R 10 

wherein R s , R 9 and R t0 respectively and independently from each other represent a member selected from 
the class consisting of methyi and ©thy! groups and M(A) represents a (meth)acryloyi group; 

(5) (meth)acry fates having a succinic acid imido structure and represented by the general formula (4): 
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N (CHa) "0(M)A 

s 



(4) 



75 



wherein R 11 and R 12 respectively represents a member selected from the class consisting of a hydrogen atom 
and hydro-carbon groups, which hydrocarbon groups represented by R 11 and R 1 2 are connected to each other 
to form, together with two carbon atoms located in the succinic acid imjdo structure and connected to R 11 and 
R 12 respectively, a member se[ected from the class consisting of cyclohexane and cyclohexene groups; s 
represents an integer of 2 to 3, and (M)A represents a (meth)acryloyi group; 

(6) mono(meth)acrylates having a bis-phenol structure and represented by the general formula (5): 



25 




O — (CHa) 0(M)A (5) 



35 



'10 



45 



50 



55 



wherein t represents an integer of 2 to 3, and (M)A represents a (meth)acryloyl group; 
(7) (meth)acrylates having a cyclic dicarboxylic acid monoester structure and represented by the general for- 
mula (6): 



R 



13 



0(M)A 



(6) 



C0 2 K 



wherein R 13 represents a member selected from the class consisting of a hydrogen atom and a methyl group, 
a cyclic structure B represents a member selected from the class consisting of 5 to 8-membered saturated 
and unsaturated aliphatic and aromatic rings, and (M)A represents a (meth)acryloyi group; and 
(8) N-vinyl lactam compounds represented by the formula (7): 




(7) 



wherein u represents an integer of 1 or 3, and 

the di(meth)acrylate-containing second component comprises at least one member selected from the 
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class consisting of; 

(9) polyetherpolyurethane di(meth)acrylates having a pofyether structure having a molecular weight of 500 to 
1 0,000 and represented by the genera! formula (8): 



10 



CH— (CH)--O- 
R 1 R 2 



(8) 



m 



1S 



wherein R 1 and R 2 respectively and independently from each oiher represent a member selected from the 
group consisting of a hydrogen atom and alkyl group having I to 5 carbon atoms n represents an integer of 0 
or 1 to 9, m represents an integer satisfying the equation of 



(n + 1 ) X m = 20 to 300, 

and when n represents an integer of 2 or more, the two or more R 2 groups may be the same as or different 
from each other; 

(10) poiyesterporyurethane di(meth)acrylates having a polyester structure having a molecufar weight of 500 
to 10,000 and represented by the generaf formula (9): 



25 



so 




(9) 



40 



45 



wherein X represents a residue of a dicarboxylic acid selected from the cJass consisting of straight chain, 
branched chain and cyclic aliphatic and aromatic discarboxylic acids and employed in the formation of the 
polyester structure, Y represents a residue of a diol selected from the class consisting of straight chain, 
branched chain and cyclic aliphatic and aromatic dioles and employed in the formation of the polyester struc- 
ture, r represents an integer such that the resultant polyester structure satisfied the molecular weight of 500 
to 10,000; 

(11) di(meth)acryfates having a dimeric acid structure derived from a dimer of an unsaturated higher fatty acid 
and selected from those represented by the general formulae (1 0) and (11 ); 



^(Chy- — COOH 



"(CHz); COOH 



(10) 
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(CH^ COOH 



(11) 



(CH2); 



COOH 



wherein R 3 , R 4 R s and R 6 respectively and independently from each other represent an alkyl group, k I p 
and q respectively and independently from each other represent an integer of 1 or more, the total of the number 
of the carbon atoms of the R 3 group, the number of the carbon atoms of the R 4 group, and k and f is 28, and 
the totai of the number of the carbon atoms of the R 5 group, the number of the carbon atoms of the R 6 group 
and p and q is 34, the di(meth)acrylate having a molecular weight of 500 to 10,000; 

(12) polyofefinpolyur ethane di(meth)acrylates having a poiyolefrn structure having a molecular weight of 500 
to 10,000 and represented by the general formula (12); 



CH-(CH) 



>14 



ns 



(12) 



wherein R 14 and R 15 respectively and independently from each other represent a member selected from the 
class consisting of a hydrogen atom, and methyl and ethyl groups, a represents an integer of 1 or 2, when a 
represents an integer of 2 t the two R 15 groups may be the same as or differed from each other, b represents 
an integer such that the resultant polyolefin structure satisfies the molecular weight of 500 to 10,000; and 
(13) polyether di(meth)acryfates having a polyether structure represented by the general formula (13): 



— o- 



-CH-(CH)— O 
R 1 R 2 



(13) 



m 



wherein R 1 , R 2 and n are as defined above, and m' represents an integer satisfying the equation 



(nt1)Xm = 8to 200, 



when n represents an integer of 2 or more the two or more R 2 groups may be the same as or different from 
each other, the polyether dj(meth)acrylates having a molecular weight of 150 to 5,000 

The electron beam-curable resin composition as claimed in claim 2, wherein the mono-functional, electron beam- 
curable organic compound-coating first component comprises acryloylmorpholine, and the di(meth)acryiate-con- 
taining second component comprises at least one member selected from the class consisting of the polyether- 
poJyurethane di(meth)acry!ates having the polyether structure having a molecular weight of 500 to 10,000 and 
represented by the general formula (8); 
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the polyesterpoiyureihane di(meth)acrylates having the polyester structure having a molecular weight of 500 
to 10 000 and represented by the general formula (9); 

and the di(meth)acrylates having a molecular weight of 500 to 1 0,000 and provided with a dimeric acid structu re 
represented by a member selected from the general formulae (10) and (11) and derived from a dimer of an 
unsaturated higher fatty acid 

, The electron beam-curable resin composition as ciaimed in claim 2, wherein the mono-functional, electron beam- 
curable organic compound-containing first component comprises a mono(meth)acryiate having a tricyclo 
[5,2 1,0 2 6 ] decane structure represented by the formula (1), 

and the di(meth)acry late-containing second component comprises at least one member selected from the 
class consisting of the polyetherpolyurethane di(meth}acryiates having the polyether structure having the mo- 
lecular weight of 500 to 10,000 and represented by the formula (8); 

the polyesterpoiyurethane di(meth)acrylates having the polyester structure represented by the general formula 
15 (9) and having the molecular weight of 500 to 1 0,000; and the polyolefin polyurethane df(meth)acrylates having 

the polyolefin structure represented by the formula (12) and having the molecular weight of 500 to 1 0,000 

5. The electron beam-curable resin composition as claimed in claim 2, wherein the mono-functional, electron beam- 
curable organic compound -containing first component comprises a cycloalkyl mono(meth)acrylate represented by 

20 the general formula (2); 

and the di(meth)acry late-containing second component comprises at least one member selected from the 
class consisting of the polyetherpolyurethane di(meth)acrylates having the polyester structure represented by 
ifta general formula (8) and having the molecular weight of 500 to 10,000, the polyesterpoiyurethane di(meth) 
25 acryiates having the polyester structure represented by the general formula (9) and having the molecular 

weight of 500 to 10,000, and the polyofefinpolyurehtane di(meth)acrylates having the polyolefin structure rep- 
resented by the general formula (12) and having the molecular weight of 500 to 10,000 

6. The electron beam-curable resin composition as claimed in claim 2, wherein the mono-functional, electron beam- 
so curable organic compound -containing first component comprises a mono(meth)acrylate of a tert- alcohol, repre- 
sented by the general formufa (3); 

and the di(meth)acry!ate-containing second component comprises at ieast one member selected from the 
class consisting of the polyetherpolyurethane di(meth)acrylate having the polyether structure represented by 
35 the general formula (8) and having a molecular weight of 500 to 1 0 000 the polyetherpolyurethane di(meth) 

acrylate having the polyether structure represented by the general formula (9) and having the molecular weight 
of 500 to 1 0,000, and the polyolefinpolyurethane di(meth}acrylates having the polyolefin structure represented 
by the general formula (12) and having the molecular weight of 500 to 10,000 

40 7, The electron beam-curable resin composition as claimed in cfaim 2 wherein the mono-functional, electron beam- 
curable organic compound-containing first component comprises a mono(meth)acylate having the succinimicJe 
structure and represented by the genera J formula (4); 

and the di(meth)acryiate-containing second component comprises at least one member selected from the 
45 class, consisting of the polyetherpolyurethane di(meth)acrylate having the polyether structure represented by 

the general formula (a) and having a molecular weight of 500 to 10 t 000, the polyesterpoiyurethane di(meth) 
acrylate having the polyester structu re represented by the general formula (9) and having the molecular weight 
of 500 to 1 0,000, and the di(meth)acrylates provided with a dimeric acid structure derived from a dimer of an 
unsaturated higher fatty acid and selected from those represented by the general formulae (10) and (11), and 
50 having a molecular weight of 500 to 1 0,000 

a, The electron beam-curable resin composition as claimed in claim 2, wherein the mono-functional, electron beam- 
curable organic compound-containing first component comprises a mono(meth)acyfate having a bisphenoJ struc- 
ture and represented by the general formula (5); 



55 



and the di(meth)acry late-containing second component comprises at least one member selected from the 
class consisting of the polyetherpolyurethane di(meth)acrylate having the polyether structure represented by 
the general formula (8) and having a molecular weight of 500 to 10,000, the potyesterpoiyurethane dt(meth) 
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acrylate having the poiyether structure represented by the general formufa (9) and having the molecular weight 
of 500 to 10,000 and the polyolefinpolyurethane di(meth)acrylates having the polyolefin structure represented 
by the genera! formula (12) and having a molecular weight of 500 to 10,000 

9, The electron beam-curable resin composition as claimed in claim 2, wherein the mono-functional, electron beam- 
curable organic compound-containing first component comprises a mono(meth)acylate having a cyclic dicarboxylic 
acid monoester structure and represented by the general formula (6); 

and the di(meth)acrylate-containing second component comprises at least one member selected from the 
class consisting of the polyetherpoiyureihane di(meth)acryJate having the polyeiher structure represented by 
the general formula (8) and having a molecular weight of 500 to 10,000, and ihe polyesterpolyurethane di 
(meth)acrylate having the polyester structure represented by the general formula (9) and having the molecular 
weight of 500 to 10,000 

10. The electron beam-curable resin composition as claimed jn claim 2 wherein the mono-functional electron beam- 
curable organic compound-containing first component comprises a N-vinyllactarn compound represented by the 
general formufa (7); 

and the di(meth)acryfaie-containing second component comprises at least one member selected from the 
class consisting of the polyetherpolyurethane di(me*h)acrylate having the poiyether structure represented by 
the general formula (8) and having a molecular weight of 500 to 10,000 the polyesterpolyurethane di(melh) 
acrylate having the polyester structure represented by the generaf formula (9) and having the molecular weight 
of 500 to 1 0,000, and the di(meth)acrylates provided with a dimeric acid structure derived from a dimer of an 
unsaturated higher fatty acid and selected from those represented by the general formulae (10) and (11), and 
having a molecular weight of 500 to 10 000 

11., The electron beam -curable resin composition as claimed in any of claims 1 to 10 wherein the mixing ratio in weight 
of the mono-functional, electron beam-curable organic compound-containing first component to the di(meth)acr- 
y late-containing second component is in the range of from 10/90 to 90/10 

12. The electron beam-curable resin composition as claimed in cfaim 2, wherein the mono-functional, electron beam- 
curable organic compound-containing first component comprises acryloyfmorpholine, and the di(meth)acrylate- 
containing second component comprises a poiyether di(meth)acrylate provided with the poiyether structure rep- 
resented by the formula (13) and having the molecular weight of 150 to 5,000, the mixing ratio in weight of acry- 
foylmorpholine to the poiyether dj(me1h)acryiate being in the range of from 51/49 to 90/10 

13, An electron beam-cured resin film comprising a electron beam-cured product of the electron beam-curable resin 
composition as claimed in any of claims 1 to 12 

14.. The electron beam-cured resin film as claimed in claim 13, having an ultimate elongation of 100% or more 

15, A composite sheet material comprising a support sheet and an electron beam <;u red resin coatmg layer formed 
on at feast one surface of the Support sheet and comprising an electron beam-cured product of the electron beam- 
curable resin composition as claimed in any of claims 1 to 12 

16., The composite sheet material as claimed in claim 15, wherein the efectron beam-cured product of the electron 
beam-curable resin composition has an ultimate elongation of 50% or more. 

17, The composite sheet material comprising a support sheet and an electron beam-cured resin composite coating 
layer formed, on at least one surface of the support sheet and comprising a laminate of a plurality of resin layers 
including at least an inside resin layer located adjacent to the support sheet and an outermost resin layer located 
outermost of the composite sheet material, at least one of the plurality of resin layers in the electron beam-cured 
resin composite coating layer comprising an electron beam-cured product of the electron beam-curable resin com- 
position as claimed in any of claims 1 to 12 

18. The composite sheet material as claimed in claim 17, wherein the resin layer comprising the electron beam-cured 
product of the electron beam-curable resin composition has an ultimate elongation of 50% or more 
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